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ABSTRACT 


]?Mio  deooutaadnation  prooadures  (firehoaing,  motorised  flushing, 
scrubbing)  wftwni  mu  tm  HUl  fit  i—Aeebei  ■>  fi— f  itonBrnmi  An 

require* tho  use  of  largi  quantities  of  water.  Sinoe  It  «*»  recognised 
thnt  in  mafly  situations  adequate  water  supplies  will  not  bo  available  for 
uso  In  largo  soals  deoontudnation  operations,  sad  emiea  tmsefsmy  seedi 

<*otor  Tetsem-ewy  1m  «k.eege4-ee»-«SAeimis>.UUmls*eA»  At  sppseeed  deeds" 


■dswil  sp  mAfm  eq 

the  use  of  wator#veA«"r>  <- 


m* 

de  contamination  methods  that  do  not  require 

fr-  *jf  1-idAA- 


7' 


A  series  of  tests  were  -V*seem#eee  conducted  to  develop  and  evaluate  new 
reclamation  techniques  for  land  targets  with  emphasis  on  waterless  decon¬ 
tamination  methods*  The  tests  conducted  wore  limited  to  the  evaluation, 
on  aaphaltio  concrete  and  portl&nd  oeawnt  concrete/  of  the  following  pro¬ 
cedures!  (1)  Hbtorised/SMoeping,  (2)^ueuwised/Swseping,  and  (3),Mr 
/‘Broom  ^Sweeping  • 


Using  synthetic  fallout  to  simulate  dry  fallout  from  nuclear  weapons 
detonated  on  a  land  surface,  effectiveness  and  rate  oi  removal  data  were 
obtained  for  the  evaluation  of  elrte  procedures,  t ai  d^*lm...lmai'i',fcilm«smNsaAw 

astiem  eg  A  wage  peved  mm-wieymmseiy  metevieui  swespAmgi  esessmi  si<  enemy 
teg  ami  sd  i  lii  ii  i  meiiliiiu 


The  highest  degree  of  effectiveness  wan  obtained  with  the  air  broom 
and  the  highest  rata  of  removal  wan  obtained  with  motorised  sweeping  using 
t '  fJayne  450.  However  the  removal  of  heavy  deposits  by  the  air  broom 
produces  a  large  drat  cloud  and  the  procedure  oouid  probably  be  used  only 
when  the  situation  is  such  that  contamination  of  downwind  areas  can  be 
tolerated.  & 

A  'mvthema ti  asl  abdel*  baaed  upon  tbeoretioal  OOnsiderationsV'd'taS  been 
developed  for  the  ocopWative  evaluation^  deoont  ami  nation  methods.  Using 
this  nodeivit  is  possiblk  to  accurately  s valued  dry  ds oontasdnatiok  aethods 
and  to  pr*nVnt  tha  offset various  anvirorssntal  parameters.  \ 
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SUMOHX 


Tin  frattaa 

To  develop  *nd  evaluate  reclamation  tcchniquts  for  land  targets  with 
emphasis  on  waterless  deoontemination  pro  oe  dure  a  such  u  aotorlMd  swep- 
ing,  vacutadesd  smsping,  etc* 


Using  synthatio  fallout  to  simulate  dry  fallout  from  nuclear  wsapons 
dstonatsd  on  a  land  surface,  sffsotiTsnsss  and  rats  of  removal  data  wrs 
obtained  for  the  evaluation  of  throe  procedures  for  "waterless"  deoontasi- 
nation  of  large  paved  areas,  newly  aotorlMd  sweeping,  vacuwlied  swip¬ 
ing  and  all  broom  sweeping* 

The  highest  degree  of  effectiveness  wac  obtained  with  the  air  broom 
and  the  highest  rate  of  removal  was  obtained  with  aotorlMd  sweeping  using 
the  Vsgme  450*  However  the  renoval  of  heavy  deposits  by  the  air  broon 
produces  a  large  dust  aloud  and  the  pro oe dure  oould  probably  be  used  only 
when  the  situation  is  suoh  that  oontanl nation  of  downwind  areas  o*n  be 
tolerated* 

i  mathematical  model,  baaed  upon  theoretical  considerations,  has  been 
developed  for  the  comparative  evaluation  of  da oont salination  methods.  Using 
this  model  it  is  possible  to  accurately  evaluate  dry  decontamination  methods 
and  to  predict  the  effect  of  various  environmental  parameters* 
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CHAma  1 


uTOoiwenoi 


1.1  OBJECTIVE 

Ski*  report  la  Volume  HZ  in  a  series  of  report!  describing  the  results 
of  the  Stonea&n  n  Lend  Target  Tests.  In  this  volume,  results  ot  i.bjeetite 
(b), 


MTo  develop  and  evaluate  new  reolaaatlon  techniques  for  Zsuod 
Targets  with  emphasis  oi  waterless  deoontealaatlon  procedures 
such  as  motorized  sweeping;  vaouuMted  swiepit^j  e'tc . "  are  submitted. 


1.2  BACHBIOUXD 

The  first  experimental  work  on  the  deeontaal  nation  of  pared  areas 
utilising  waterless  decontamination  procedures  sms  carried  out  in  19W.1'2 
In  Operation  Street  sweep1  an  inreatigatico  vas  nade  to  determine  the  effi¬ 
ciency  of  removal  of  large  and  small  si/ed,  metallic  particles  from  various 
types  of  road  surfaces  using  a  mscherised  street  sweeper  end  a  standard 
firehose.  It  was  found  that  the  street  sweeper  rssieved  the  courier  par¬ 
ticles  more  completely  than  tbs  fine  particles.  FlrehosiSg  was  found  to 
be  the  best  method  of  removal.  Xu  Operation  Supers  weep2  a  study  was  aide 
of  the  efficiency  of  removal  of  three  different  particle  sice  ranges  of 
radio-tantalum  metal  from  macadam  and  concrete  teit  samples  by  hand  sweep¬ 
ing  and  hosing.  Again  It  was  found  that  the  smaller  the  particle  sise  the 
more  difficult  it  is  to  remove  this  material  and  that  hosing  Is  far  more 
efficient  than  sweeping.  At  Operation  JAWLX3  in  the  witter  of  1951, 
experiments,  wars  carried  oat  on  m  asphalt  paed  In  fsllw.t  field. 

Tcu'ivus  decontamination  methods  ware  evalumted  including  waterless  decon¬ 
tamination  methods  such  at,  dry  sweeping  with  a  towed  rotary  broem,  vacuum 
cleaning  and  air  hosing*  Of  the  dry  methods  evaluated* high  pressure  air 
nosing  was  found  to  be  the  most  effective  and  vacuum  cleaning  the  least 
effective. 

In  1956*  the  basic  decontamination  procedures  (fii shoeing,  motorised 
flushing  and  scrubbing)  were  evaluated  at  a  field  test*  at  Camp  Stonomu 
utilizing  tagged  soils  to  simulate  dry  fallout.  Although  the  testa  were 


1 


primarily  conducted  to  determine  the  performance  or  wet  methods,  limitid 
tost  with  s  motoriaed  sweeper  ware  oonducted  on  null  (10  x  50  ft)  aaphal- 
tio  and  conorots  tost  areas  using  ths  dry  synthetie  fallout  mats  rial  dis- 
porsod  at  an  initial  rub  level  of  250  gns/ft*.  Ths  prooodaro  was  found 
to  nnove  67  to  ??  percent  of  the  sues  of  the  notarial  present  on  tost 
surfaoos. 

Ths  basio  decontamination  procedures  evaluated  during  the  field  tost 
required  the  use  of  large  quantities  of  rate**  for  instance,  an  average 
firehoaing  operation  required  600  gallons  per  1,000  ft*  and  motorised 
flushing  500  gallons  psr  1,000  ft*.  These  large  quantities  of  water  may 
be  sonswhat  reduced  by  increasing  tbs  rats  of  operation  without  any 
dsorsass  in  da  contamination  effsotivensas.  However,  in  many  situations 
there  may  not  be  adequate  water  supplies  for  use  in  large  scale  deoon- 
taadnation  operations*  Moreover  under  smsrgsnoy  oonditiona,  water  systesw 
may  be  damaged  or  otherwise  depleted.  Furthermore  during  cold  weather, 
de contamination  pro oe dure b  using  water  nay  not  be  practicable.  In  view 
of  these  anticipated  difficulties,  it  appears  desirable  to  develop  and/or 
exploit  de  contamination  methods  that  do  not  require  the  use  of  water  or 
use  it  in  limited  quantities  only. 


1.3  BASIC  TOMCIPLS3  <*  DSOCNTA&DttT ICN  CHDUTICtB 

Deoontmsinatlon  of  paved  areas  covered  with  fallout  from  land  surfaoe 
bursts  consist  of  two  process* si  (a)  loosening  and/or  removal  of  ths 
debris  from  the  surface;  and  (b)  disposal  of  ths  debris. 

For  solid  particulate  fallout  typical  of  land  surfaoe  bursts,  gravity 
is  one  of  the  chief  forces  holding  the  larger  particles  to  the  surfaoe; 
for  nail  particles  other  surface  attractive  forces  may  also  be  Important* 
For  this  type  of  fallout  most  of  the  effort  in  deoontaadwtion  is  expe&S  id 
in  the  removal  of  the  debris  from  ths  surfaoe*  Dry  decontamination  methods 
normally  use  mechanical  erosion  to  either  move  ths  oontauinsnt  across  the 
surfaoe  to  a  oolUotion  point,  or  elae  pick  it  19  and  transfer  it  to  a 
container.  Ths  collected  material  must  then  be  transferred  to  a  disposal 
site;  in  situations  in  which  a  high,  fallout  deposit  is  found  and  tbs  areas 
to  fc*  daaontaeinated  are  large,  the  problems  involved  In  disposal  of  the 
oolleoted  debris  may  be  considerable.  Certalu  techniques  such  •«  blowing 
ths  contaminant  off  ths  surfaoe,  ocmblns  ths  two  processes,  removal  and 
disposal.  However  such  techniques  are  limited  to  special  usages. 

There  are  available  at  present  a  number  of  techniques  that  can  be  cate¬ 
gorised  as  waterless  or  nsar^waterless  decontamination  methods  for  paved 
areas.  The  techniques  studied  were  limited  primarily  to  those  which  make 
use  of  readily  available  equijmsnt. 
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Because  of  their  universal  availability  primary  consideration  m  dir- 
ected  towarAa  tta  testing  of  itottei  Itfttt  iwmtri,  - 

commercial  itmt  m  ye*a  hav*  tt«  shfe*'  tpevlting  4tfu**t«rl4rfclM»  A 
powsred  rotary  broom  II  WmI  t«  dislodge  the  debris  on  street*  Ml  to  stamp 
it  onto  a  conveyor  system  which  la  turn  o&rrlss  ths  debris  into  n  tapper* 
Thun  a  removal  talk  transport  system  is  lataraat  in  ths  dasirn. 

The  present  pickup  brooms  that  eons  as  standard  equipment  on  street 
•Keepers  utilise  stiff#  lares  fiber  brooms  nd*  from  split  history  or 
pelayra  stalk  or  at  afrlean  bass. 

During  the  sweeping  process#  a  quantity  of  duet  Is  generated.  Most 
•Keepers  utilise  a  fine  water  spray  to  dsmpon  the  surfaee  ahead  of  the 
pickup  brooa  to  Halt  dust  generation.  The  unt  of  n  water  spray  previous 
to  brushing  nay  redact  the  effectiveness#  partloulnry  when  removing  snail 
Mounts  of  dry  fallout  because  the  esnhlnation  of  the  water  spray  and 
•veep  lug  action  creates  a  slurry  which  than  bee  ones  difficult  to  1  snore. 
Since  scan  sort  of  dust  suppression  nay  be  considered  desirable#  a  vacuum 
■ysten  operating  la  conjunction  with  the  pickup  broeei  would  provide  this 
feature. 

Another  technique  of  dry  fallout  renown!  utilises  air  to  blow  the 
uaterl/d.  free  the  surface.  The  air  supplied  by  a  conventional  air  com¬ 
pressor  la  delivered  to  a  aoxsle  Manifold  Mounted  on  a  vehicle.  The  re- 
naval  of  heavy  deposits  would  product  a  large  dust  cloud  and  the  procedure 
probably  could  be  used  only  when  the  situation  Is  such  that  contamination 
of  areas  downwind  froa  the  area  being  decontaminated  can  be  tolerated#  or 
If  the  aerosol  produced  Is  of  lesser  Importance  than  the  eswrgenoy. 


1.4  SCOTS  or  «9T 

The  tests  conducted  were  United  to  the  evaluation  of  the  following 
procedures!  (l)  Motorised  sweeping)  (2)  "Tacuualzed"  sweeping#  and  (3) 

Air  Broom  sweeping. 

Each  procedure  was  evaluated  on  asphaltic  concrete  test  surfaces.  Due 
to  the  limited  availability  of  suitable  pcrtlaad  csssat  oouurot*  »ur£*ce» 
only  motorised  sweeping  vm  evaluated  on  both  types  of  surfaces. 

One  oontesinatisg  condition  was  considered#  a  dry  synthetic  fallout 
material  simulating  the  fallout  resulting  fre*  a  high-yield  (Mr)  land 
surface  burst.  Three  nominal  mass  levels  were  Investigated)  10  grems/ft2# 
33  grsaa/ft2  and  100  grems/ft2.  These  mass  levels  could  correspond  to 
dose  rates  of  approximately  300  r/tor#  1#000  r/hr  and  3 >000  r/ hr  all  at  one 
hour  after  burst. 5 
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i.5  aiUKffixoh  or  n «  sxn 


Cm®  Btoeouaa,  *  daaetlvated  Army  Ouv  M*r  Pittaburg,  California  dm 
••looted  M  tka  taat  alt*.  A  iaaeription  of  tha  taat  site  and  taat  aor- 
faoaa  can  ba  found  In  Yoluaa  Is  of  thia  aarlaa  of  rayerta. 
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2.1  DZC01TEAJI1IATI0I  FKOCXDURXS 


Tha  decontamination  procedures  evaluated,  m  stated  in  Section  1*4  were  s 


MoiorlsedL  Sweeping 
"Tacuunized"  Sweeping 
Air  Broom  Sweeping 


2.1.1  Motorised  Sweeping  (figure  2.1) 

the  motorised  sweeping  vm  serried  out  with  e  staaderd  Wayne*  Model 
450  street  sweeper,  this  Machine  utilises  a  58"  Wide  palmyra  aaln  broom, 
the  material  picked  up  Is  deposited  on  a  conveyer  system  which  transports 
the  material  to  a  3  euble  yard  hopper*  Bust  suppression,  when  desired, 
it  accomplished  tferoufl^i  the  use  of  a  water  spray  system*  the  sweeper  can 
he  used  with  either  one  or  two  45"  diameter,  wire  filled,  gutter  brooms, 
or,  as  In  these  tests,  without  any  gutter  brooms. 

Prior  to  the  full  scale  field  test,  preliminary  studies  were  conducted 

tos 


(a)  Establish  for  the  notorized  sweeper  the  range  of  operating  rates 
for  various  Initial  masses  of  fallout  material* 

(b)  To  determine  the  effect  of  pretreatmsnt  agents  such  as  sand  on 
the  pickup  efficiency  of  the  motorized  sweeper. 

fa)  To  darfcaxmiuB  the  effect  of  gutter  brooms  on  tha  pickup  efficiency 
of  the  motorised  sweeper. 

The  preliminary  tests  vara  condnctad  on  an  asphaltic  concrete  street 

located  in  tha  San  Francisco  naval  Shipyard.  Before  each  test  the  street 
“vsfl  thoroughly  cleaned.  Dry  soil  of  the  type  used  in  the  synthetic  fall¬ 
out  material  was  dispersed  on  the  streets  In  the  amounts  to  be  evaluated 

■*  Wayne  Manufacturing  Co.,  Hewark,  Hew  Jersey. 


fig,  2.1  Motoriaed  9*e«pin«  (*«yn«  Model  450)  on 
Portland  Cement  Gonorete. 


-  *•  i  .nja  a»wja<rvt  wrr 

Fig,  waouuuuaaa  MnwwJWiB 

Aaphaltio  none rate. 


ffannant  Model  .100)  on 
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during  the  field  teat  (10  grsai/ft2  and  100  grma/ft2).  lo  radioactive 
tracer  wu  uaed}  to  detsrmine  paantltatlvely  the  pickup  efficiency  a 
material  balance  of  the  eoil  dispersed  and  subsequently  picked  up  was 
utilised* 


Sand  vaa  dispersed  ovsr  the  dry  soil  in  the  sam  amountm  aa  the  dis- 
peraed  soil  to  deteraine  the  affect  ofsand  a a  a  pretraataant  agent,  the 
water  spray  ajratea  in  the  aveeper  vaa  uaed  to  aolaten  the  eaad  before 
sweeping. 


From  observations  of  the  preliminary  aweeplng  testa  the  following 
operating  speeds  ware  recommended  for  use  during  the  full  scale  teats. 


Maas  Loading 

10  gram/ffc2 
10  gram/ffc2 
100  grams/ft2 
100  grams/ft2 


Procedure  Speed 

Dry  Sweep  only  7  ft/rao 
ftaad  pretraataant  tt/^ic 
Dry  Sweep  only  iv  ft/aec 
Sand  pretraataant  9.  ft/aec 


It  was  found  that  by  r* moving  the  gutter  brooan  from  the  sweeper  the 
pick-up  efficiency  of  the  equlpmnt  vaa  appreciably  increased.  It  appeared 
that  the  gutter  brooa*  In  revolving,  created  air  currr.v.U  which  re-distri¬ 
buted  the  fallout  mterlal  before  it  could  be  picked  qp  by  the  min  brooa. 
For  this  reason  the  gutter  brooa  vaa  eMplately  removed  and  act  uaed  in 
the  full  scale  testa. 


The  full  scale  aotorited  sweeping  teste  were  ooeduoted  on  asphaltic 
concrete  and  Portland  caaent  concrete  test  areas.  Teat  areas,  prior  to 
each  test,  were  either  cleaned  with  the  Wayne  450  or  flushed  With  a  notor¬ 
ized  street  fluehsr,  defending  or,  prior  usage*  She  operating  rates  used 
axe  listed  in  Appendix  A.  Madlaliion  maaureaeuts  were  taken  before  sad 
after  each  cycle;  a  c caplets  eyerie  included  the  coverage  of  the  entire 
area  at  least  once.  1&ia  nuMber  of  individual  passes  per  yole  was  subject¬ 
ively  determined  for  each  cycle  based  upon  the  apparent  ontealnatlon 
remaining  on  the  surface.  Upon  completion  of  eauh  cycle  the  hopper  was 
emptied  at  a  predesignated  waste  disposal  area* 

2.1.2  "Vaeuunlzed"  Sweeping  (Figures  2.2  and  2.3) 

She  yacinraiEed  sweeping  tests  were  carried  out  with  two  recently 
developed  vacuualzsd  sweepers.  A  Tennant  Model  180*  (designed  for  street 
and  open  area  use)  vaa  made  available  for  evaluation  by  the  Air  Force 
Special  Weapons  Center,  Klrtland  Air  Force  Base,  Hew  Mexico.  Also  evalu¬ 
ated  vaa  a  Tennant  Model 

*  GUH.  Tennant  Co.,  Minneapolis,  Minnesota. 
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evaluated  was  a  Tennant  Model  00*,  ft  nailer  industrial  power  sweeper, 
that  was  designed  for  sweeping  swell,  areas*  The  Model  00  woe  aode  avail  - 
able  for  evolufttlon  by  the  Ravel  Civil  Xnglneerlag  Laboratory,  Port 
Buenene,  California* 

The  Model  100  utilizes  ft  ltd"  vide  African  bass  filled,  wain  pickup 
broom  and  two  32"  diameter  nylon  bristle  getter  broocas.  The  broom  system 
was  enclosed  in  a  vaouias  equipped  housing.  The  aerosol  gam  rated  by  the 
sweeping  process  is  filtered  by  a  series  of  doth  filter  bags.  The  Material 
picked  up  by  the  brooms  and  the  dust  trapped  by  the  filters  is  cast  or 
dropped  into  a  1-3 A  yd  hopper  Mounted  in  the  rear  of  the  unit. 

The  Model  8o  utilises  a  t£"  wide  fiber  satin  brush  and.  a  2k*  disaster 
side  brush*  The  aalh  brush  is  enclosed  sad  a  high  volwm*  low  pressure 
fan  draws  the  generated  dust  from  the  brush  enclosure  into  a  heavy  fabric 
beg*  A  12  cu  ft  hopper  mounted  in  front  of  the  brush  enclosure  receives 
the  material  picked  up  by  the  mein  brooa. 

The  vacuumlzed  sweeping  tests  were  conducted  on  asphalt io  concrete 
test  areas.  The  operating  rates  used  were  those  recneeunled  for  wartm«m 
decontamination  effectiveness  by  a  Manufacturer's  representative  who  was 
present*  She  equipment  was  not  available  prior  to  the  fell  scale  tests 
so  no  preliminary  test  was  conducted.  This  equipment  wee  evaluated  in 
the  seme  manner  used  for  the  motorised  sweeper* 

2.1.3  Air  Brooa  Sweeping  (figure  2.4) 

An  air  broom,  consisting  of  a  nozzle  manifold  mounted  on  a  compressor 
truck  and  positioned  near  the  surface  to  blow  the  contaminant  to  one  side, 
was  evaluated.  Mine  nozzles,  spaced  8"  apart  along  the  manifold  and  de¬ 
signed  to  deliver  compressed  air  at  supersonic  velocities  were  supplied 
hy  a  210  cite,  100  pal  compressor. 

Prior  to  the  full  scale  field  teats  preliminary  teste  were  conducted 
on  an  asphaltic  concrete  test  area  in  the  San  Francisco  Vaval  Shipyard 
to  determine  the  feasibility  of  the  air  brooa  in  removing  dry  soil  dis¬ 
persed  In  the  nans  levels  of  interest  (10  gravs/ft^  -  100  grams/ ft 2) . 

The  tests  indicated  that  the  proposed  system  would  remove  ary  soli  up 
to  initial  deposits  of  100  grams /ft  ^  satisfactorily*  The  full  scale 
evaluation  tests  w?a  than  conducted  on  asphaltic  concrete  test  areas. 

The  system  was  also  evaluated  when  used  in  conjunction  with  motorized 
sweeping*  This  evaluation  consisted  of  a  final  air  brooa  pass  after 
several  cleaning  cycles  with  the  motorized  sweeper. 


*  G.H.  Tennant  Co,,  Minneapolis,  Minnesota. 
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2.2  PROWCTIO*  or  BYIBBTIC  FALLOW 

The  design  u&  preparation  of  the  synthetic  fallout  ■atorial  It  des¬ 
cribed  la  detail  la  Toltaee  I®  of  this  series  of  reports.  A  brief  resuaa 
of  the  general  procedures  tad  techniques  uaed  during  the  operation  follow  t 

The  dry  fallout  aiaulazrt  vaa  prepared  by  combining  a  radioactive  tracer 
Ini  aolutioa  and  a  bulk  carrier  Material  la  the  nixing  drus  of  a  Modified 
Jaegef  3-1/2  oubie-yar*  transit-mix  truck  (rig.  2.9)*  The  aolutioa  was 
fid  to  ea  air  nestis  lpcmi*d  la  the  head  oed  of  the  rotating  im  vhera 
It  vaa  atoMlsed  onto  tha  bulk  oarrlar  aaterlala. 


The  mix  for  each  day  vaa  obtained  by  blending  three  size  fractions  of 
the  bulk  carrier  Material  ao  that  a  standard  final  Mix  resulted.  Dlstrl- 
but  Ion  ourrea  for  aaeh  day's  batch  ere  presented  In  Volute  1.6  she  nix 
uaed  for  each  teat  Is  Indicated  in  Appendix  B. 


2.2.1  Selection  of  Badioisotc 


The  radionuclide  vaa  uaed  ea  the  radioactive  tracer  In  the  syn¬ 
thetic  fallout.  *xperineats7  perfomad  prior  to  the  mad  target  testa* 
conducted  In  1956 *  demonstrated  that  tri valent  lalw  n«  streagly  adsorbed 
to  the  carrier  Material  and  would  not  desorb  under  vet  decontamination 
procedures.  The  half  life*  40.2  hours*  of  LalsO  vaa  such  that  natural 
decay  reduced  the  radioactivity  at  the  test  site  to  negligible  aaounta 
within  a  abort  tine  after  tha  completion  of  tha  teats. 


The  facilities  at  the  Los  Alaaos  Bolentlfio  Laboratory,  Los  Alamos* 
Hev  Mexico  ware  uaed  to  supply  the  necessary  quantities  of  Lal*0. 


2*2.2  Bulk  Carrier  Material 


Soil  (Aabrose  Clay  Loan)  obtained  froa  the  teat  site  at  Caep  Stoneaan, 
Calif,  vaa  uaed  aa  the  bulk  carrier  Material  in  the  synthetic  fallout 
■aterial.  To  obtain  acceptable  physical  properties*  the  soil  was  processed 
through  a  crushing*  burning  and  slaving  operation  by  a  camera  lid.  Materials 
processing  plant. 


2.3  DISPOSAL  OF  STimnC  FALLOW 

The  anount  of  synthetic  fallout  Material  dispersed  depended  upon  th* 
radiation  levels  to  be  s  inula  ted.  As  stated  in  Section  l.k*  radiation 
levels  of  300  r/hr,  1*000  r/hr  and  3*000  r/hr  at  1  hour  after  burst  ware 
selected  as  levels  of  primary  interest*  and  weights  deposited  for  these 
standard  doae  rates  were  approximately  10  gns/ft2*  33  gw/ft2  and  100 

_ /  -+■  9  - -*  «  ir 
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Pig.  2.5  Transit  Mix  Trunk  for  Mixing  Diy  Synthatio  JMlout. 
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To*  iiurwr  of  material  simulating  390  r/hr  at  i  hour  would  be  approxi¬ 
mately  *004  Inch# a  deep]  for  1,000  r/hr  at  1  hour,  .012  inches  deep)  end 
for  3,000  r/hr  at  1  hour,  *04  inches  deep,  (biaed  <m  soil  density  of  1840 
lbs/yd3) * 

2.3.1  payed  Area* 

The  dry  synthetic  fallout  material  was  dispersed  oyer  the  pared  areas 
from  a  modified  Buroh  Kydron  Spreader  mounted  on  the  rear  of  a  2-1/2  yd3 
duap  truck  (fig,  2,6) «  in  aluminum  hopper  was  installed  on  the  truck  to 
contain  the  synthetic  fallout  Material  and  feed  it  directly  into  the 
spreader  when  the  truok  hed  was  raised.  The  dimensions  and  locations  of 
the  test  areas  are  shoes  is  Appendix  A* 

2.3.2  Sampling  Pens 

To  determine  the  actual  quantity  of  material  dispersed,  s sapling  pans 
(Tig.  2.6)  were  placed  on  the  teat  areas  prior  to  the  dispersing  of  the 
synthetic  fallout  material.  These  pane  were  collected  Immediately  after 
the  Alspereer  had  passed  oyer  them,  placed  in  plastic  btgs  and  weighed. 

The  total  activity  of  the  sample  in  the  pan  vas  determined  in  a  large 
sample  counter  (IBC) .  The  180  consisted  of  a  chamber  26"  vide  by  28"  deep 
by  52"  high,  covered  with  2"  lead  sheet  and  lined  with  3/4"  plywood,  into 
which  the  pan  was  placed.  A  1-1/2”  sodium  iodide-thallium  activated  crystal, 
attached  to  an  appropriate  sealer,  vas  used  for  determining  the  radioactivity 
ir*  toe  sample,  iext  a  portion  of  the  materiel  in  each  pan  was  removed  for 
tie  determination  of  gpeoifle  activity  In  the  4-jpi  ion  chamber.0 


2.4  NBABUHD0BR  «CSHI«H8 

To  determine  the,  effectiveness  of  the  various  procedures  evaluated, 
measurements  were  taken  of  the  radiation  levels  present  on  the  test  areas 
Just  prior  to  contamination  (background),  after  contamination,  and  after 
decontamination.  The  measurements  ware  obtained  with  a  mobile  shielded 
gamma  scintillation  detector  unit  (fig.  2.7)  •  The  detecting  element  of 
this  instrument  consisted  of  a  one  inch  Sal  (Tl)  Scintillation  Crystal  on 
a  photomultiplier  tube.  crystal  and  IK  tube  tiara  mounted  within  a  1 mad 
shield  having  a  wall  thickness  of  6”.  The  shield  is  so  mounted  as  to  place 
the  center  of  the  detector  one  meter  above  ground  plane.  A  soUlmate*  aper- 
sturs  subtending  a  solid  angle  of  50°  permits  entrance  of  radiation  into 
the  semitive  volume.  Pete  to  the  geometry  of  this  system  approximately  98 
percent  .of  the  total  radiation  flux  measured  by  the  system  from  an  ideal 
plans  viil  fall  within  a  circle  having  a  radius  of  six  fsst.  A  complete 
description  of  the  unit  and  method  of  calibration  is  given  In  Volume  1°  of 
this  series  of  reports.  The  method  used  to  convert  these  radiation  measure- 
sente  to  sass  units  is  susaariz&u  lu  Apf<esuix  E. 
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Fig.  2.7  Mobile  Shielded  Own*  Scintillation  Deteotor  Unit. 


4— *ARP#aiU*  i.pr!§!nt>  th*  obtained  at  eaoh  looation  on  the 

teet  areas.  The  data  presented  hare  been  oorrsoted  to  a  ooewon  time  to 
sooount  for  radloaotlre  deoay  and  also  oorrsoted  for  background. 

on  optr^f  011  «»  tiasd  to  obtain  necessary  inforaation 

on  rate  and  effort.  Motion  pictures  vert  also  obtained  of  the  various  opera¬ 
tions)  this  allowed  subsequent  viewing  and  evaluation  of  the  operations?** 
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CHAPTER  3 


KBDXffS 


3.1  mCOrCMCHATIOH  OF  FATED  AREAS 

me  results  for  the  three  types  of  dry  decontamination  methods,  motor¬ 
ized  sweeping,  vacuumUed  sweeping  end  air  broom  sweeping,  ere  summarised 
in  Tables  3.1,  3.2  end  3.3.  Two  surfaces  were  tested,  asphaltic  concrete 
(A-c)  end  Portland  cement  (P~C) .  Xo  greet  individual  variation  in  surface 
charaoteristlce  was  noted  and  it  was  assumed  that  all  surfaces  of  a  given 
type  were  Identical.  The  average  initial  mass  level  (Hq)  and  average  final 
mass  level  (M),  in  greets  per  square  foot,  are  computed  aa  shown  in  Appendix 
B  from  the  raw  data  of  Appendix  A.  The  average  percent  remaining  (pmj  le 
obtained  from  2 

x  100.  (1) 

It  should  be  noted  that  Y  can  also  be  obtained  by  substituting  the  average 
final  and  Initial  radiation  readings,  Xg  and  %,  far  M  and  Mq.  Effort  (l) 
la  a  measure  of  time  per  unit  area,  normally  expressed  as  man-min/ ft2  or 
equijawnt-ain/ft2j  in  this  case  the  two  terms  are  equivalent  since  one 
nan  could  operate  each  machine.  For  convenience  B  la  given  in  terms  of 
man-*in/l04  ft2'  The  raw  data  for  computing  1,  given  In  Appendix  A,  con¬ 
sists  of  the  si  •'.*  of  the  test  area  and  the  total  time  that  the  decontami¬ 
nation  equipment  spent  on  the  area  for  each  cycle.  This  time  does  not 
Include  turn-around  time  or  duap  time. 

3.1.1  Motorized  Sweeping 

A  Wayne  Model  430  motorized  street  sweeper  was  tested  on  asphaltic 
concrete,  port  land  cement,  and  on  a  sand-treated  asphaltic  concrete  sur¬ 
face.  In  the  latter  case,  after  the  contaminant  had  been  dispersed,  sand 
was  uniformly  spread  over  the  top  of  it  in  the  following  amounts: 

Test  B13  90  g/ft2 

Test  Bl4  120  g/ft2 

Test  B15  150  g/ft2 
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To  minimize  operational  differences/  the  sum  operator  va#  used  on  all 
teats.  The  average  speed  of  the  test  equipment  vae  J.b  ft /sec  vit'n  sig¬ 
nificant  variations  occurring  only  in  tests  B5  and  B6. 

3.1.2  "Vacuualsed"  Sweeping 

Two  vaouumlsed  sweepers/  a  Tennant  Model  00  and  a  Tennant  Model  100/ 
were  tested  on  asphaltic  concrete  streets  at  three  sates  levels.  The  opera¬ 
tor/  the  eeae  one  used  on  the  Wayne  kfy,  maintained  an  average  speed  of 
6.0  ft/eec  for  the  Model  80  and.  3.9  ft/eec  for  the  Model  100.  In  teet  B9/ 
after  the  first  cycle/  the  speed  of  the  Model  100  vae  intentionally  doubled 
to  teet  the  effect  of  rate  ou  performance. 

3.1*3  Air  Broca  Sweeping 

The  prototype  air  broom  was  tested  on  asphaltic  concrete  (Testa  Bl6, 
117/  118)*  Teste  were  scheduled  such  that  low  wind  speeds  (1-3  knots) 
were  encountered  and  the  wind  direction  was  75-90°  to  that  of  the  test 
section/  causing  the  duet  generated  by  the  air  broen  to  acre  slowly  down¬ 
wind.  Air  pressure  at  the  air  outlets  was  salntalnsd  constant  but  the 
speed  of  the  equlpemnt  waa  varlsd  from  pass  to  pass  as  well  as  fron  for¬ 
ward  to  reverse* 

The  air  broom  was  also  tested  as  a  follov-up  method  to  conventional 
street  sweeping/  being  applied  after  two  or  three  pastas  of  the  street 
sweeper.  The  wind  direction  varied  fron  75°-HO°  to  that  of  the  road;  the 
■peed  was  moderate  (k-6  knots). 

3.2  Time  and  Motion  Studies 

Intensive  fils  footage  was  taken  of  most  of  the  teste.  If  forts  to 
obtain  quantitative  time  information  from  viewing  these  films  were  gener¬ 
ally  unsuccessful  because  sufficient  detail  was  not  visible*  However  much 
qualitative  information  was  obtained  from  these  films  and  proved  useful 
in  evaluating  the  operational  characteristics  of  the  equipment  tested. 
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TABUE  3-1 


Becontaiai  nation  Bosulte  for  a  Conventional  Motorised  Sweeper  on  Various  Test 

Surfaces 


Test 

Ho. 

Cycle 

Bo. 

Method 

Mo 

rt/ft2 

M 

a/ft2 

fmi 

lffortj  mea-mln/lo4  ft? 
ter  Cycle  Cumulative 

B1 

1 

A-C 

Wayne 

27.6 

2.44 

8.8 

7.8 

7.8 

2 

A-C 

Model 

27.6 

1.49 

5.4 

5.2 

13.0 

3 

A-C 

450 

27.6 

.97 

3.5 

7.0 

20.0 

B2 

l 

A-C 

Wayne 

59.2 

4.97 

6.4 

8.1 

8.1 

2 

A-C 

Model 

59.2 

2.16 

3.6 

8.1 

16.2 

3 

A-C 

450 

59.2 

1.55 

2.6 

6.1 

24.3 

B3 

1 

A-C 

Wayne 

120.9 

3.83 

3.2 

11.5 

11.5 

2 

A-C 

Model  450 

120.9 

2.02 

1.7 

8.3 

19.6 

B^ 

1 

P-C 

Wayne 

16.8 

1.69 

10.1 

11.4 

11.4 

2 

P-C 

Model 

16.8 

1.43 

8.5 

5.4 

16.8 

3 

P-C 

450 

16.8 

1.03 

6.1 

5.4 

22.2 

B5 

1 

P-C 

Wayne 

34.1 

4.97 

14.6 

5.1 

5-1 

2 

P-C 

Model 

34.1 

2.50 

7.3 

5.3 

10.4 

3 

P-C 

450 

34.1 

1.23 

3.6 

3.9 

14.3 

b6 

1 

P-C 

Wayne 

118.6 

2.38 

2.0 

15.8 

15.8 

2 

P-0 

Model  450 

118.6 

2.09 

1.8 

9.3 

25.1 

B13 

1 

A-C 

Sand  Pre- 

23.8 

4.66 

19.6 

7.5 

7.5 

2 

A-C 

treatment 

23.6 

2.83 

11.9 

6.5 

14.0 

3 

A-C 

Wayne 
Modal  450 

23.8 

1.88 

7.9 

6.5 

20.5 

Bl4 

1 

A-C 

Sand  Pre- 

71.5 

5.25 

7-3 

12.5 

12.5 

2 

A-C 

treatment 

71.5 

2.51 

3.5 

8.3 

20.8 

3 

A-C 

Wayne 
Model  450 

71.5 

1.58 

2.2 

8.3 

29.1 

B15 

l 

A-C 

Sond-Pre 

137.9 

18.9 

13.7 

10.0 

10.0 

2 

A-C 

treatment 

137.9 

8.50 

6.2 

10.0 

20.0 

A-C 

Wayne 
Model  450 

137.9 

5,20 

3-8 

10  .0 

30.0 
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TABU  3.2 


BtaovtMtiLitttlon  Btaulti  for  V»cu\*it<*4  Tyj*  Sv*«p*r« 


fSit 

Bo. 

Cjals 

BO. 

Burffcc* 

Mithod 

*0 

a/ft2 

X 

g/rt2 

V 

Kffortjtta- 
fur  Cjelft 

*min/lo4  ft2 

Cuaulatire 

B7 

1 

A-C 

Tennant 

21.6 

1.00 

4.6 

14.4 

14.4 

2 

A-C 

ICO 

21.6 

.40 

1.9 

14.4 

28.8 

3 

A-C 

21.6 

.27 

1.3 

18.0 

46.8 

B8 

1 

A-C 

pennant 

67.6 

•79 

1.2 

18.9 

18.9 

2 

A-C 

100 

67.6 

•  3 9 

.58 

15.2 

34.1 

3 

A-C 

67.6 

.31 

.46 

18.2 

52.3 

29 

1 

A-C 

Ttnaant 

177.7 

3.60 

2.0 

19.7 

19.7 

2 

A-C 

10 0 

177.7 

1.72 

.97 

7.3 

27.0 

3 

A-C 

177.7 

1.28 

.72 

6.7 

33.7 

BIO 

l 

A-C 

Tennant 

18.5 

3.96 

21.$ 

15.2 

15.2 

2 

A-0 

00 

18.5 

2.24 

12.1 

14.5 

29.7 

•*» 

A-C 

18.5 

I.65 

8.9 

14.5 

44.2 

Bll 

1 

A-C 

Tennant 

33.5 

7.82 

23.4 

15.2 

15.2 

2 

A-C 

80 

33.5 

4.51 

!3*5 

11.3 

26.5 

3 

A-C 

33.5 

3.22 

9.6 

11.3 

37.8 

B12 

1 

A-C 

Tennant 

174.9 

10.24 

5.9 

27.3 

27.3 

2 

A-C 

80 

174.9 

7.46 

4.3 

11.3 

38.6 

3 

A-C 

174.9 

5.87 

3.4 

11.3 

49.9 
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TABLE  3.3 


Decontamination  Result*  for  Air  Broom  Sweeping 


Teat 

Cycle 

Mo 

M 

**+  ; 

Effort;man> 

-min/10^  ft2 

No. 

Ho. 

Surface 

Method 

a/ft2 

a/ft2 

Per  Cycle 

Cumulative 

B1 

4 

A-C 

Combination 

Methodx*/ 

•97 

.19 

19.6 

11.1 

B2 

4 

A-C 

Combination 
Method' *) 

1.55 

.25 

16.1 

17.4 

4l,7(B) 

B3 

3 

A-C 

Combination 

Method'*) 

2.02 

.14 

6.9 

12.5 

32.3^ 

B 6 

3 

P-C 

Combination 

Method'*) 

2.09 

.24 

11.5 

13.0 

30.a(B) 

bi4 

4 

A-C 

Combination 

Method'*) 

1.58 

.28 

17.7 

20.8 

49.9(B) 

Bi6 

1 

A-C 

Air  Broom 

16.1 

.21 

1*3 

20.3 

20.3 

B17 

1 

A-C 

Air  Broom 

62.9 

.57 

.81 

24.1 

24.1 

2 

A-C 

Air  Broom 

62.9 

.40 

.64 

24.1 

48.2 

Bl8 

1 

A-C 

Air  Broom 

148.7 

.92 

.62 

36.2 

36.2 

a.  Combination  method  consists  of  street  sveeper  followed  by  air  broom. 

b.  Cumulative  effort  includes  effort  expended  by  the  motorized  sweeping 
procedures . 
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CHAPTER  4 


DISCUSSION  GP  RESULTS 


4.X  PARAMETERS  EFFECTING  BBOONTAMINATION  EFFECTIVENESS 

The  effectiveness  of  the  deoontimination  methods  can  beet  be  expressed 
as  the  residual  nua  levels  obtainable  at  given  initial  mass  levels  for  a 
specified  expenditure  of  effort.  However,  test  conditions  varied  widely 
with  reaps  ot  to  both  initial  mass  levels  and  effort  applied  so  that  a 
direct  comparison  between  tests  wae  not  praatioel. 

Equation  (2)  below,  developed  by  Killer^  acoounts  for  variations  in 
Initial  mass  level  but  asstnet  an  Infinite  amount  of  effort  expended. 

M*-mS  (l-e"01*0)  (2) 

-  residual  mass  level  at  an  Infinite  effort  level  g/ft8 

-  initial  mass  level,  g/ft8  * 

-  the  limiting  upper  value  for  lr,  a  oonstant  for  a  given 
surfaoe-aethod  combination,  g/ft8 

■  spreading  coefficient  dependent  upon  the  surface -method 
combination,  the  particle  else  and  density  of  the  fallout 
material,  ft8/g 

Since  the  above  equation  did  not  make  provisions  for  the  differences 
in  the  amount  of  effort  applied,  an  extension  of  the  theory  developed  by 
Miller  was  neoesaary  to  account  for  effort*# 

Upon  the  expenditure  of  effort  by  a  given  surfaoe-method  combination, 
tha  mua  available  for  removal  will  decrease  and  in  accordance  with  equa¬ 
tion  (2)  will  approach  M" ,  This  decrease  in  mass  level  (amount  removed) 
per  unit  of  applied  effort  is  proportional  to  the  removable  mass  present} 
in  mAthemAtical  terms,  this  relation  is 


#  See  Minvislla's  report  now  in  preparation. 


where  M* 
Mo 

MS 
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an 

dE 


K  (M  •  •  R») 


(3) 


in  which  K  le  a  constant  depending  mainly  on  tins  method  and  surface  and  B 
is  tha  effort  expended*  The  constant  K  Is  the  effort-  efficiency  factor 
for  the  method  and  surface  combination  -  i.e.  the  efficiency  for  removing 
a  mass  of  partlc3.es  from  the  surface  * 


Integrating  between  the  limits  of  Initial  mass  level  at  zero 
and  a  residual  mass  level  (m)  at  a  given  level  of  effort  gives 


as 


effort 

(4) 


or  N  «  K*  +  (Hg  -  M»)  e"*®  (5) 

The  term  e"*®  gives  the  fraction  of  the  removable  mass  remaining  after 
expending  the  effort-,  S. 


This  derivation  assumes  a  permanent,  non-changing  surface;  actually 
surfaces  such  as  asphaltic  concrete  erode  while  being  decontaminated  but 
thiB  factor  is  unimportant  In  the  range  of  practical  interest. 

Equation  (5)  was  solved  vu/lng  test  data  for  values  of  M,  Mp  and  E  and 
making  successive  approximations  for  M*  and  K  to  obtain  satisfactory  curves 
through  the  data  points  when  plotting  M  vs  S. 


To  further  correlate  the  derived  values  of  the  constants  for 
equation  (&)  were  similarly  derived  as  follows.  Using  the  H*>  values  from 
equation  (5)  with  the  corresponding  Mq  values,  successive  approximation 
for  and  a  were  made  until  satisfactory  curves  were  obtained  through 
the  K*  values  when  plotting  K*  va  Mo.  lie  resulting  curves  are  presented 
in  Pig.  4.1.1,lfew  values  of  M  were  then  obtained,,  using  the  derived  values 
of  K#,  from  equation  (?) .  The  resulting  curves  are  presented  In  Pigs. 
4.1.2  through  4.1.6,  She  actual  data  points  for  each  test  including  one 
standard  deviation  are  also  presented.  The  derived  values  of  H*,  K,  Mg 
and  a  are  presented  in  Table  4.1. 


The  correlation  between  the  test  data  and  the  curves  was  considered 
satisfactory  in  every  ease  except  tests  BI3-I5.  The  sard  pretreatment 
in  these  tests  laasksd  the  initial  s»ss  levels  because  of  t be  generally 
poor  results  obtained  with  this  particular  procedure  no  intensive  attempt 
was  made  to  adapt  equation  (?)  to  fit  these  conditions.  In  lieu  of  rep¬ 
resentation  by  equation,  lines  were  plotted  through  the  data  points  by 
visual  interpolation,  as  shown  in  Pig.  4.1.7* 


M*  CGM/SQ  FT) 


Tig.  4.1.1  Tha  Variation  of  Decontamination  Iffeotivenees 
km  ttMMimd  by  Si*  With  Initial  Bass  torsi. 
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EFFORT  (MAN-MIN/IO4  SO  FT) 


4il»2  IfftotlTinflN  of  ths  ffaym  450  on  iiphsltlc  Oonontc 


Z  4  6  8  10 


12  14  16  18  20 

EFFORT  (MAN-MIN/K>‘t  SQ  FT) 
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Fig.  4.1.3  SffeotlT«m«ta  of  the  layno  450  on  Portland  Ooment  Conor* to 


10"  15  20 


'  25 


SO  55  <10  45*  "50  55  *60  '65 

EFFORT  (MAN-MIN/IO4  SO  FT) 


70  1 


Fig,  4,1,4  Bffeotiveneaa  of  the  Tennant  100  Vaauuaiaed  Sweeper 
on  iephaltla  Conor ete. 


EFFORT  (MAN-MIN/IO*  SOFT) 


fig.  4.1.5  Xffeoti venose  of  the  Tennant  80  Vaow»Izcd  Sleeper 
Asphalt! o  Oonorete. 


M  (GM/SG  FT) 


Pig.  4.1.6  Effectiveness  of  Air  Broom  Sweeping  on  Asphaltic  Concrete. 
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TABLE  4.1 


Derived  Value*  of  M»j  Mg;  ti  and  a 


Teat 

Bo. 

Method-Surface 

Mo 

s/na 

M* 

s/fta 

K  ft®/ 
■an-mln 

Kg 

s/ft2 

B-l 

Wayne  450  Asphaltic  Cows. 

27.6 

0.97 

0.330 

1*95 

.025 

B-2 

Wayne  450  Asphaltic  Cono. 

59.2 

1*1 

0.330 

1*95 

.025 

B-3 

Wayne  450  Asphaltic  Cows. 

120.9 

1.65 

0.330 

1.95 

.025 

B-4 

Wayne  450  Portland  Cement 

16.6 

o*?6 

0-330 

2.10 

.036 

B-5 

Wayne  450  Portland  Ceewnt 

34.1 

1.48 

0.330 

2.10 

.036 

B-6 

Wayne  450  Portland  Cement 

116*6 

2.07 

0.330 

2.10 

.036 

B-7 

Tennant  100  Asphaltic  Cone. 

21.6 

0.26 

0.210 

1.14 

.012 

B-8 

Tennant  100  Asphaltic  Cone. 

30.0 

0.34 

0.210 

1*14 

.012 

B-9 

Tennant  100  Asphaltic  Cone. 

177.7 

1.01 

0.210 

1.14 

.012 

B-10 

Tennant  80  Asphaltic  Clone  * 

16.5 

1.T2 

0*120 

5-32 

.021 

B-ll 

Tennant  00  Asphaltic  Cone . 

33.5 

2.66 

0.120 

5.32 

.021 

B-12 

Tennant  00  Asphaltic  Cono. 

174.9 

5*19 

0.120 

5*32 

.021 

B-l6 

Air  Broom-Asphaltic  Cono. 

16.1 

0.11 

0.238 

1.4o 

.005 

B-17 

Air  Broom-Asphalt la  Cone. 

62.9 

0.38 

0,230 

1,40 

.005 

B-10 

All  Broom-  Asphalt! c  Cono. 

140,7 

0.74 

0.238 

1.40 

.005 

29 


FT] 


EFFORT  (MAN-MIN/H)''  SQ  FT) 


fig,  4*2.1  Comparative  Effectiveness  of  Dry  Decontamination  Methods  on 
Paved  Areas  at  an  Initial  Maes  Level  of  20  a/ ft^ 


The  cum  plotted  for  teat  B®*  Fig.  4.1.3  vu  derived  from  equation  (5) 
using  a  value  of  30  g/ft*  for  MU  las  teed  of  the  value  67.6  g/ft*,  which  vu 
computed  frca  the  initial  radiation  measursaaats.  Shea  using  the  ssasured 
Mo*  the  resulting  curve  did  not  satisfy  the  test  data  points  •  This  differ¬ 
ence  could  be  attributed  to  the  effect  of  the  wind  which  redistributed  and 
removed  a  large  percentage  of  the  synthetic  fallout  aaterlal  prior  to  the 
first  decoataalaatlon  cycle .  (Du*  to  the  high  vlad  on  that  particular  test 
day.i  no  other  teste  were  performed). 

The  air  broom  was  unique  in  that  It  was  used  as  both  a  primary  decoa- 
tamlnaticsi  method  and  as  a  secondary  method  following  decontamination  by  a 
conventional  street  sweeper.  Squat  ion  (3)  with  suitable  constants  was 
found  to  fit  the  data  for  the  primary  usage  satisfactorily. 

4.2  CCMPAHXfiOt  Or  OgCOMIMOlimOH  METHODS 

Two  criteria  by  which  a  decontamination  method  may  be  evaluated  are  the 
effort  expended  and  the  residual  mass  level  attained.  These  two  parameters 
are  shown  In  rigs.  '4.2.1*  4.2.2*  and  4.2*3  for  three , different  initial  maaa 
levals.  These  curves*  except  for  the  Wayne  450  on  sand -treated  asphaltic 
concrete*  ware  obtained  from  equation  (5)  of  flection  4.1. 

All  the  aethods  tested  w ere  found  to  have  seme  potential  usefulness  in 
decontamination  operations  but  only  two*  conventional  sweeping  with  the 
Vayne  450  and  vaeuwised  sweeping  with  the  Tennant  100*  have  the  character¬ 
istics  necessary  for  gensral  usage.  Although  the  Tennant  100  ultimately 
cleaned  to  a  much  lower  residual  mass  level  than  conventional  sweeping  with 
the  Wayne  450*  the  latter  had  a  nore  rapid  initial  removal  rate.  The  cross¬ 
over,  or  point  of  equal  effectiveness*  was  dependent  upon  the  initial  mass 
loading  and  occurred  at  effort  levels  of  12  to  16  man-mln/lo4  ft2. 

The  use  of  a  sand  pre-treatment  prior  to  conventional  street  sweeping 
with  the  Wayne  450  proved  to  be  detrimental*  in  aost  cases*  to  ths  efficient 
operation  of  the  equipment,  it  is  believed  that  much  of  the  effort  normally 
expended  on  the  contaminant  was  instead  used  on  the  sand  cover*  decreasing 
ths  overall  effectiveness  of  the  equipment.  Interestingly,  at  lew  initial 
mass  levels  ( <  60  g/ft2)  the  final  residual  mass  level  (M»)  was  as  low 
or  lowsr  than  with  conventional  sweeping.  These  results  suggest  that  per¬ 
haps  sand  spread  in  small  quantities  aver  the  surface  after  partial  decon¬ 
tamination  would  act  an  a  scouring  agent*  loosening  the  more  tightly  held 
contaminant. 
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EFFORT  (MAN-MIN/IO*  SOFT) 


Fig,  4,2.3  Comparative  Effect! veneee  of  Dry  Decontamination  Methods 
on  Paved  Areae  at  an  Initial  Maes  Level  of  120  g/ft2. 


(fii»  4.3.1).#  The  path  of  lout  effort  then  follow*  the  Wayne  450  curve 
from  the  origin  to  the  point  of  taageney  and  thereafter  follow*  the  eurve 
for  the  air  broom.  (it  will  he  noted  that  although  the  Initial  ana*  level 
for  the  Wayne  V50  la  50  g/ft2,  the  comparable  value  for  the  air  broom  la 
32  g/fb2.) 

Limited  data  ware  obtained  on  the  nae  of  the  air  hrooa  following  several 
cycle?  with  the  Wayne  k_50.  Of  these  tests,  B1  and  B$,  vara  found  to  pro¬ 
vide  suitable  data  for  analysis.  The  data  points  for  Tsst  12,  are  shown 
in  Vlg*  4*3*2;  the  ourva  for  the  Wayne  450,  lets rained  by  equation  (5 ),  is 
shown  as  a  solid  line*  Using  equation  (?)  with  conetante  for  the  air  broom, 
atteapte  to  fit  e  ourva  through  point*  W-3  and  AB~1  vara  unsuccessful  whan 
the  assumed  Initial  mass  level  ’flu  59  g/ ft2 (point  v-o)  or  greater. 

Finally,  using  the  path  of  least  effort  deeorihed  above.,  a  curve,  shown 
by  a  dotted  line,  was  derived  fro*  equation  (5),  using  the  air  brooa  con¬ 
stants;  this  contbination  of  data  gave  the  beet  fit  for  the  datum  point 
(AB-1) .  A  similar  procedure  for  Test  B1  shoved  that  only  a  curve  through 
the  point  of  taagency  would  fit  the  observed  datum.  In  this  case  the 
observed  value  was  0.19  g/ft2  and  the  calculated  value  0.13  g/ft2. 

Further  studies  designed  to  test  the  validity  of  the  method  for  obtain¬ 
ing  the  path  of  least  effort  to  obtain  a  given  residual  aaas  are  needed  but, 
baaed  upon  the  present  limited  results,  it  would  appear  that  wavimua  use¬ 
fulness  of  manpower  and  equipswnt  can  be  obtained  by  uaing  the  concept  of 
a  path  of  least  effort. 


4A  DFKff  Of  HITIAL  MASS  LEVEL  AID  EFFORT  OP  RESIDUAL 

HAM  LEVEL 

The  relationships  expressed  in  equations  (2)  and  (5)  were  derived  using 
the  hypothesis  that  the  residual  mass  level  is  a  function  of  the  Initial 
mass  level  and  effort  expended.  The  two  equations  can  be  combined  giving 

?  fba  point  of  tangeaey  can  be  approximated  by  differentiating  equation 
(£),  equating  thcsi,  snd  reducing  +<«  t.h»  cue  for  large  values  of  Hn* 

The  resulting  equation  for  the  value  of  M  at  whioh  the  two  slopes,'' 
(du/dl) ,  axe  equal  la 

M  »  K1  *■  *2  *2  (g/ft2) 

h  "  Kg 


0  ) 

0  20  5 

0  40  5 

0  60  7 

EFFORT  (MAN-MIN.no*  SOFT) 


Fig,  4.3.2  Determination  cl'  the  rath  un  Least  Effort  From 
Experimental  Values  for  the  Wayne  450  and  the  Air  Broom 
(Teat  B-2); 


M  -  llj  (1  -0°  **»)  ♦  1*0  -  (i-*“  •~n 


(6) 


Pn*  a  — tho— tloal  troataoat  of  equation  (6)  dm  can  derive  the  follow¬ 
ing  relationships  between  residual  Mil  level,  initial  — ss  level  and  of  fort. 

(1)  For  —all  M,,,  s— 11  I,  M  — * 

(2)  For  —all  Mq,  largo  B,  M  —I  Mq  mJ  a 

(3)  For  largo  V  •**u  *'  * >  ♦  Ko<l-«) 

(4)  For  largo  Ho,  largo  B,  M >  hJ 

Figaro*  4. 4, 1-4,4. 6  shoe  graphically  tho—  atatod  relationships  for  each 
of  tho  surface-— thed  oooblaa tlons  evaluated. 

Tboao  ourroa  can  bo  utilised  to  da to rain*  what  level  of  effort  1b 
aoodod  to  prOAueo  a  required  residual  mum  level  for  any  giron  fallout 
oondltlon. 


4.3  XFFBCT  Of  STHtFACI  OK  BB6XD0AL  MASS  IBFBL 

As  ladleatoA  In  Soctioa  1.4,  only  tho  Motorised  rwooping  operation  with 
tho  Wayne  4 50  was  evaluated  on  both  port  lead  caoM&t  concrete  and  aophaltic 
concrete.  On#  can  eoapare  the  effect  of  aurfaoo  by  08— alalag  tho  ourroo 
for  tho  Way—  430  in  Tigs.  4. 2. 1-4.2. 3.  It  saa  bo  a— n  that  for  each 
Initial  —os  level  Investigated,  tho  dlffereaoea  ax*  relatively  s— 11. 
lo  surface  rough— so  Measure— at ■  were  node  of  tho  two  types  of  surfaces 
but  visual  Inspection  revealed  no  gross  differences  In  surface  irregularities. 

The  Portland  c— t  oonore to  data  analysed  did  not  Include  the  radia¬ 
tion  —as urea— to  tab—  over  or  near  fora  11— s.  As  Indicated  In  Appendix 
A,  (Tables  A-5  -  A-6) radiation  — ureae ate  takes  over  a  seaa  or  fans  line 
in  Teat  B-5  and  B-6,  were  3-10  tl—  s  gr— ter  than  adjacent  readings.  Tbs 
difference!  In  reading*  vert  not  apparent  until  after  the  c completion  of 
tho  first  cycle,  she  eweegoy  «w  aei  able  to  reaars  ths  dry  eostsaiasnt 
fron  the  see—. 
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U  JGM/SQ  FT) 


Tig.  4.4.2  tortftuO.  Hem  vs  Initial  Ham  -  Wayne  490  on  Portland  (tenant 
Generate, 
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\ 


M  (GM/SQ  FT) 


W-g,  4.4.3  Re»i<ioal  Mae»  vs  initial  Mass  -  Tennant  100  Vaouumized 
Sweeping  on  Asphaltic  Concrete, 
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M  (GM/SQ  FT) 


M0(GM/BO  FT) 


rig.  4*4.4  Haaidual  Ihii  n  Initial  lt»  -  Tonmnt  ft)  Viunnndisod 
ftraaping  on  Aapbaltle  Conomt*. 


43 
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M  (GM/SOFT) 


M0(OM/SQFT) 


Tig,  4.4 1 5  Residual  Maas  va  Jhitial  Mass  -  Air  Broom  Sweapine  o.p 
Asphaltic  Generate. 


M  (GM/SO  FT) 


Fig.  4.4,6  Bawl  dual  Mast  va  Initial  Mats  -  Wayne  450  on  Sand  Pre- 
Treat  nd  Asphaltic  Concrete, 
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V, 

\ 

“NOTICE.  When  Government  or  other  drawings,  specifications  or 
other  data  are  used  for  any  purpose  other  than  in  connection  with 
a  definitely  related  Government  procurement  operation,  the  U.S. 
Government  thereby  incurs  no  responsibility,  nor  any  obligation 
whatsoever)  and  the  fact  that  the  Government  may  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specifications 
or  other  data  is  not  to  be  regarded  by  implication  or  otherwise  as 
in  any  manner  licensing  the  holder  or  any  other  person  or  corpora¬ 
tion,  or  conveying  any  rights  or  permission  to  manufacture,  use  or 
sell  any  patented  invention  that  may  in  any  way  be  related  thereto.’ 


4.6  xmct  or  upmoan  bheto 

Although  the  effect  of  speed  on  decontamination  effectiveness  vu  cot 
included  as  om  of  the  tart  objectives,  certain  conclusions  can  ha  drawn 
fro*  tbs  existing  data.  In  *o«i  instance*  a  uniform  speed  m  Maintained 
throughout  the  taat.  lowevsr  lit  testa  15*  BIO.  'XT  t*->  eeeed  of 

the  dec ontaalnation  equlpant  rw  raised  25-35  percent  after  the  ina/tuu. 
cycle  (Table  A-i,  Appendix  A).  In  none  of  thaae  oaaas  did  the  effective¬ 
ness,  Manured  as  the  residual  Maas  obtainable  at  a  given  effort  level 
vary  significantly  free  the  predicted  values  (see  figs.  4.1.3  and  4.1.5). 
In  one  case#  that  of  the  Tennant  100  on  the  high  aass  level  (Teat  B9),  the 
■peed  of  the  sweeper  was  intentionally  raised  after  the  first  cycle  from 
3.9  ft/see  to  8.3  ft/seo  and  9*1  ft/sec  on  the  second  and  third  cycles 
respectively.  She  data#  Pig.  4.1*4#  again  indicate  no  appreciable  effect 
of  this  Increased speed  on  the  effectiveness  of  the  Method.  These  find¬ 
ings  suggest  that#  within  the  no  xml  operating  range  of  the  equipment  end 
under  the  teat  parameter*  effectiveness  is  relatively  independent  of  the 
spaed  of  operation. 

Veeplte  the  fact  that  no  gross  effect  of  speed  was  noticeable  In  these 
trials  it  le  probable  that  an  optlwua  operational  speed#  dependent  upon 
the  eaount  of  contaminant  present,  exists  for  each  it  as  of  equipment. 
Furthermore,  a  saturation  speed,  at  which  the  equipment  becomes  over¬ 
loaded  and  falls  to  operate  satisfactorily  would  bs  expected  for  each 
saohlne  for  a  given  contamination  level.  It  Is  accordingly  recommended 
that  in  a  future  test  the  variation  of  effectiveness  with  spesd  bs  studied 
in  Aoaa  detail. 


4.7  OPKBATIOSAL  CBARUnWtlflTICS  OF  EBBTOMTAMIXATIOa 

WjmauN 

There  are  certain  operational  factors  that  must  be  considered  when 
dry  fallout  material  la  removed  from  paved  areas  and  streets  by  the  ’'water¬ 
less*'  decontamination  procedures  evaluated.  Factors  such  as  effort# 
equipment  availability,  and  mode  of  operation  will  be  discussed. 

•j.7,1  Jlctorined  gggmlng 

Today  approximately  4,000  Motorized  street  sweepers  sire  in  operation 
on  c i wy  streets  Xu  tills  country. 10  Tabic  4»6  lists  the  availability  of 
motorized  sweepers  in  cities  of  various  sixes.  The  table  does  not  lnolude 
sweepers  that  belong  to  military  activities,  state  highway  departments, 
etc.  On  the  average,  a  motorized  sweeper  can  clean  20  gutter  miles  per 
day.  Assuming  an  eight  foot  wide  pass,  the  total  coverage  amounts  to 
845,000  ft2  day.  Using  sn  average  of  5  actual  sweeping  hours/day,  this 
would  be  equal  to  approximately  169,000  ft-/hr  or  in  tbs  units  of  effort. 
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TABU  4.6 

Effort  Required  to  Achieve  Eeeldual  Mm*  levels 


Mn 

(e/ffc2> 

N 

i«3K4£.  ft2) 

Inoreaee  o for 
Mora*!  (3.5> 

20 

1.0 

15 

4.a 

2.0 

fl.*5 

5.0 

5 

1.4 

50 

2.0 

13.5 

3-9 

5*0 

8 

2.3 

120 

2.0 

20 

5-7 

5.0 

11 

3.2 

fUU  4.7 

Motorized  Sweeper  Ownership  in  the  United  States 

Population  Range 

Mo.  of 
Cities 
Surveyed 

Average 

Miles 
of  Streete 

Average 

Sweepers 

per  City 

Idles  of 

Streets 
per  Sweeper 

Over  100,000 

31 

570 

12.5 

46 

50,000  to  100,000 

25 

147 

2.7 

53 

25,000  to  50,000 

47 

76 

1.6 

42 

15,000  to  25,000 

49 

42 

1.2 

31 

5,000  to  15,000 

A*. 

Of 

19>l 

C.o 

m 

Under  5,000 

39 

3-9 

0.3 

13 

47 


3*5  equip  "  s*M» 

1X>4  ft2  ,  Table  4.6  extracted  fro*  rig*.  4. 2. 1-4.2, 3,  comperes  the 
effort  required  to  achieve  different  degree*  of  effectiveness  at  severs! 
Initial  mis  level* ,  for  the  Wayne  Modal  450  motorised  sweeper  on  asphaltic 
concrete • 


It  can  readily  he  seen  that  the  smouat  of  effort  required  to  Obtain 
effeotlvenee*  In  the  reace  that  my  he  required  is  several  times  the  effort 
nonelly  expended  in  sweeping;  operations. 

Application  tt  the  det*  in  fables  4.6  end  4.7  to  oescuetrsie  ins  tine 
Involved  in  the  decontamination  of  streets  In  a  typical  olty  follows i 


01  vent  Initial  fallout  mss  level  -  20  g/ft2 

Olty  has  50  nlles  of  streets  per  sweeper 
Average  width  of  street  -  60  ft 

Required:  Time  to  obtain  a  residual  naas  level  of  1  g/ft2 
(Residual  Rubber#  «  0.05 ) 


Fro*  Table  4.6,  an  effort  level  of  15  equlp-min/lO^  ft2  is  required 
to  achieve  a  residual  aasa  level  of  1  g/ft2*  There  the  tin*  involved 
will  he 


t  a  jjp.jaflg.  x  x  60  ft. 

equip  Bile 


_  15  equip  Bln  *  1  hr 

*  isn!r-  zrsz 


t  m  396  hours  or  49*5  ••  eight  hr  working  days 


If  the  initial  mass  level  was  :l£0  g/ft2,  and  a  residual  naas  level  of 
2  g/ft2  would  he  required,  (residual  number  *  0.017)  It  would  take  a 
total  of  66  -  eight  hr  working  days. 

A  suggested  technique  for  the  use  of  the  motorized  sweeper  is  to  com¬ 
bine  a  "wet"  decontamination  procedure  with  the  sweeping  operation.  One 
test  of  this  nature  is  reported  In  Volume  II11  of  this  series  of  reports. 
The  so  tori  zed  sweeper  would  be  utilized  to  remove  the  hulk  of  the  fallout 
and  the  "vet"  decontamination  procedure  to  remove  the  remaining 
material.  xp1»  ieumiiqus  would  be  snest  successful  when  the  initial  sass 

levels  are  high.  The  rets  of  operation  and  water  requirements  for  a  "wet" 
procedure  decreases  significantly  with  a  decrease  In  mass  level. 

?  The  residual  number  is  defined  as  the  decimal  fraction  of  the  potential 
dose  that  would  be  received  after  a  countermeasure  has  been  applied. 

The  more  effective  the  countermeasure,  the  esmller  the  residual  number. 


■  <+. 
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tt  was  also  found  that  considerable  hopperleaioge  Mwmi  a*  the 
hopper  s#proaehed-'  full  ujpMitr.  The  fine  fallout  mteriAl  would  spill 
out  krbtad  the  Closure  «MMt'  and  reoeetanlnate  •  tbs  atmU  being  iMWtHri  -  • 
natod.  te  <fiy  the  hoppe*  seed  afmneMnrenoving 

dry  fallout  mterial.  Baling  area*  could  bo  established  old—  to  but 
outside  the  area  being  reclaim!  or  alternately,  auxiliary  equipment  such 
as  a  front-end  loader  and  a  dusp  truck  could  haul  the  eoLUsted  material 
to  a  waste-disposal  area  further  ana y. 

It  vae  pointed  out  la  Motion  a  #1*1  that  the  gutter  broom  decreased 
the  orerall  effectiveness  of  the  sweeping  operation  when  sweating  e  tables* 
areas.  When  swooping  gutters,  the  gutter  brooSi  amt  be  used/  otherwise 
the  mterial  against  the  curb  cannot  be  reached.  ■ 

4.7*2  'Vacuusdsed1*  Sweeper 

The  two  rScUuaized  sweepers  evaluated  in  this  operation  ware  not  true 
vacuum  sweepers  In  that  a  large  broom  was  utilised  for  Weeping  and  picking 
up  the  material  from  the  surface.  In  principle  their  ojperetlon  Was  similar 
to  a  motorised  sweeper  With  an  additional  vacuus  system  for  cent  rolling 
the  4Ust  cloud  created  by  the  steeping  precise. 

I  .  ’  •  v,  i  •  "  !  '  . 

The  effort  required  to  obtain  a  high  degree  of  effectiveness  when  re¬ 
moving  dry  fallout  mterial  with  the  Tennant  100  is  leveral  time  larger 
than  that  required  for  noxml  sweeping  operations. 

The  Tennant  300  at  present  is  the  only  large  sweeper  that  incorporates 
a  vacuus  oyetoa  for  dust  control  and  it  is  presently  not  as  widely  -avail* 
able  as  the  standard  motorised  sweeper. 

The  Tennant  80  is  primarily  an  Industrial  type  sweeper  used  for  drive¬ 
ways,  walks  and  the  Interior  of  Industrial  buildings.  Its  usefulness  would 
be  limited  on  large  paved  areas  and  streets. 

In  recent  years  the  development  of  largs  scale  airport  sweepers  has 
been  accelerated  by  the  advent  Of  jet  aircraft  which  require  clean  runways. 
Due  to  the  large  else  of  runway*  and  the  necessity  of  frequent  cleaning, 
these  sweepers  have  been  deslmed  to  clean  up  to  a  1,000,000  fb*/hr  at 

SJI^edS  0?  5*0  tO  5?J>  ""t:  ThV  1«  e^nnasnlM aheri  wltto  a  Twr>1  rv>Hle+.<nir 

air  st ream- vacuum  combination  system.  The  primary  concern  is  the  removal- 
of  relatively  large  objects  which  my  cause  considerable  damage  if  they 
— — -  drawn  into  tSs  air  intake  ox  tss  jst  engisv.-  ■  r»r  i ~i, 

picked-up  mterial  from  the  air  stream  is  accomplished  by  a  rotating  screen 
separator.  Consequently,  a  large  percentage  of  the  fine  material  picked 
up  IS  exhausted  with  the  bleed-off  air. 
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Preliminary  investigations12  of  the  pickup  and  retention  efficiency  of 
a  *—»*»<*«  of  this  type  have  keen  conducted  with  dry  Stoneaan  soil  similar 
to  that  used  la  thia  operation.  It  wan-  found  that  apprwdmaielgf  5vj»  of  tbs 
picked-**  material  wee  collected  in  the  hopper  and  Wf  left  the  sweeper  with 
the  bleed-off  air*  iuffioisttt  filtering  eapaelty  requirements  to  retain 
■oet  of  thia  fine  material  would  involve  extensive  redesign  and  modifica¬ 
tion  of  the  existing  syatsa* 

^t*3  mMss&fmam 

Within  the  limitations  indicated  in  Section  4*2,  the  air  broom  proved, 
to  be  the  seat  effective  "dry*  daaontami nation  method  tested  at  high  valves 
of  effort*  Air  oeagreaaera  generally  are  available  from  public  W$*&» 
Departmental  military  nativities,  or  private  contractors.  These  eempres- 
ao: ra  era  generally  trailer  mounted  or  truck  mounted*  The  addition  of  a 
manifold  noaale  system  to  the  trailer  or  prims  mover  makes  available  a 
useable  "dry"  decontamination  technique. 

The  air  broom  was  found  to  have  certain  limitations  an  the  quantity  of 
material  it  squid  mm  effectively,  rig*  4.6  illustrates  the  ridgea  of 
dry  fallout  material  left  on  the  surface  by  the  air  broom  when  removing 
an  initial  mans  of  sgprsaflaaf  ly  1J0  gna/ft2.  The  air  broom  la  moat  effec¬ 
tively  used  at  low  initial  mama  levels,  !«•*,  50  gns/ft2  or  less,  or  in 
conjunction  with  motorised  sweeping,  when  the  weeper  la  used  to  remove 
the  bulk  of  the  material* 

Another  limitation  of  the  air  broom  is  obviously  the  fact  that  the 
material  blown  off  the  surface  is  not  collected  but  is  resuspended  and, 
depending  on  wind  conditioner  la  deposited  nearby  or  at  scae  distance 
downwind* 


4.8  soocn  or  bogs 


Error  in  the  results  come  from  two  major  sureas,  namely  the  determination 
of  the  mass  level  on  the  surface  and  the  performance  of  the  decontamination 
equipment*  The  sources  of  error  in  the  performance  date  ax*  quite  limited 
and  fairly  unimportant.  Possible  sources  of  error  include t  total  time 
consumed,  equipment  variability  such  as  brush  condition  and  speed  of  brush 
rotation,  end  spesete?  variability,  due  primarily  to  increasing  experience. 

The  main  sources  of  ease  level  error  Include  the  following  areas  t 
synthetic  fallout  compositions  instrumentation;  distribution  and  redistri¬ 
bution  Of  tho  synthetic  f&Hnutt  and  surface  condition*  Considerable 
variation  in  composition  existed  between  individual  batches  of  the  syn¬ 
thetic  fallout,  material  (see  Vol.  I  of  this  series  of  reports  for  further 
details)*  Although  there  is  presently  insufficient  information  available 


KA 
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to  determine  the  importance  of  that*  variation*  iqpon  the  results;  it  ha* 
been  assumed  to  he  relatively  unimportant  vixen  canperins  the  various  set-hods. 
The  primary  source  of  instrumentation  error  was  fro®  the  mobile  shielded 
detector;  it  Is  sstimatsd  that  timing  variations  and  change  of  response  in 
the  crystal  caused  a  total  error  of  approximately  +  12.5^.  The  4-pi  gemma 
ionisation  chamber  end  the  large  sample  counter;  being  laboratory  Instruments, 
have  an  Inherent  error  of  leee  than  s$.  Redistribution  by  wind  of  the 
synthetic  fallout  during  or  after  spreading  was  the  largest  unknown  factor 
in  the  data,  fven  a  lew  wind  bloving  during  the  spreading  operation  could 
fractionate  the  synthetic  fallout  by  carrying  away  the  fine  particles  while 
allowing  coarser  material  to  settle  on  the  surface.  This  fractionation; 
although  occurring  before  surface  readings  were  taken  with  the  mobile  shielded 
detector;  could  cause  a  variation  In  the  speolflc  activity  of  the  contaminant, 
producing  anneal oue  readings.  The  most  important  wind  effects;  however,  were 
those  produced  by  a  moderately  strong  wind  blearing  across  the  test  strip  after 
the  initial  reading  (lr)  had  been  taken  but  prior  to  decontamination.  In  such 
cases  the  calculated  initial  mass  level  could  be  in  error  by  as  much  as  a 
factor  of  two.  The  two  major  sources  of  errors;  wind  effects  and  instrument 
error;  are  largely  cancelled  out  by  using  the  calibration  factor  K  (see 
Appendix  B).  The  variation  In  the  individual  readings;  expressed  as  one 
standard  deviation;  are  shown  on  Figs.  4.1.2  and  4.1.7. 
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mrm  5 

CCWCLD0XOWS  AID  BUXIM— PATIOW 


5.1  wwcihsioms 


Two  parameters,  derived  from  the  test  data,  and  used  for  the  eoitfarieon 
of  methods,  were  K  which  1b  an  «xpre*slon  of  rate  of  removal  and  Kg  which 
la  an  expression  for  the  ultimate  level  obtainable  at  wavy  high  effort 
lamia  and  high  Initial  mass  lamia*  The  darimd  mluaa  of  K,  Mg  and  Mm* 
the  mine  at  an  initial  aaaa  leml  of  120  s/ft2  am  shown  below. 


Method-Surface 


Wayne  450  -  Asphaltic  Conorate 
Wayne  4J50  -  Portland  Concrete 
Air  Broom  -  Asphaltic  Concrete 
Tennant  100  -  Asphaltlo  Concrete 
Tennant  80  -  Asphaltic  Concrete 


E 

*120 

Mg 

•330 

1.84 

I.96 

.330 

2.06 

2.09 

.238 

0.84 

i.4o 

.210 

0.88 

1.14 

.120 

4.90 

5*32 

The  ideal  method  would  he  one  which  had  a  high  E  mlue  and  a  low  Mg 
value*  Since  none  of  the  methods  qualified  in  both  respect  the  sequential 
use  of  two  methods,  one  haring  a  high  K  value,  and  the  other  a  low  Mg  value 
would  result  in  producing  the  maximal  return  for  effort  expended*  In 
instances  where  a  large  expenditure  of  effort  can  be  tolerated  one  would 
choose  the  method,  producing  the  lowest  Mg  value. 


The  remomi  of  heavy  deposits  by  the  air  "broom  produces  a  large  dust 
cloud  and  tie  procedure  could  probably  be  used  only  when  te  situation 
is  such  that  contamination  of  downwind  areas  can  be  tolerated. 


The  ssAller  of  the  two  vacuumised  sweepers  emivmteu,  u»  Tsunrst  8q> 
was  found  to  ham  limited  value  In  removing  dry  fallout  material  from  large  - 
paved  areas  and  streets.  This  machine  or  others  similar  in  site,  could 
probably  he  used,  however,  for  removing  dry  fallout  from  sidewslhs  or  other 
relatively  inaccessible  paved  areas. 


The  resldurd  mass  level  obtainable  by  any  given  method-surface-combination 
evaluated  was  found  to  be  dependent  upon  the  Initial  mass  leml  and  the  effort 
expended. 
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A  mathematical  model;  bated  upon  theoretical  considerations#  has  been 
iiTilcj^d  for  the  ccsparstivs  evaluation  of  decontamination  methods.  Using 
this  oodel  it  la  possible  to  accurately  evaluate  dry  decontamination  method* 
end  to  predict  the  effect  of  various  environmental  parameters. 

Within  the  normal  operating  range  of  the  equipment  end  under  the  test 
conditions;  overall  performance  appear  to  be  Independent  of  the  speed  of 
Operation* 

At  all  Initial  mass  levels  tested#  It  vas  easier  to  decontaminate  the 
asphaltic  concrete  surface  than  the  Portland  cement  concrete  surfaces*  The 
joints  and  form  lines  In  the  Portland  osmant  concrete  areas  further  complicate 
the  difficulty  of  decontaminating  this  type  surface. 


5*2  KBOQMSXDATZ09IS 

It  is  recom— ndsd  that  dry  ds  so  ntsai  net  ion,  methods  be  considered  for  in¬ 
corporation  in  the  passive  defense  plans  set  (l)  a  supplement  to  vet  method# 
and  (2)  in  areas  of  critical  water  supply#  ss  the  primary  decontamination 
method  for  paved  areas. 

The  following  lines  of  further  Investigation  are  suggested  for  inaluslon 
in  future  developments  of  dry  decontamination  procedures  for  land  targets t 

s.  Determine  If  an  optlsftV  speed  and/or  a  limiting  range  of  speeds 
exists  for  each  surface -method  combination. 

b.  Xvmluate  the  two  equations  used  at  very  high  end  low  effort  levels. 

c.  Determine  the  feasibility  of  incorporating  the  removal  motion  of 
the  air  broom  with  the  retention  features  of  the  vacuumlxed  sweeper. 

d.  Further  evaluate  the  sequential  use  of  two  methods. 


Approved  by: 


C.  ■  (P'  >  Pfc _ _ 


E.  R.  TOHPmS 

Heed,  Chemical  Technology  Division 


For  the  Scientific  Director 
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APfKNOZZ  A 


A.l  Raw  hat* 

Tha  following  tables  present  for  each  teat  the  radiation  awwHai nta 
obtained  at  the  monitoring  locations  on  the  teat  areas.  Tba  maaanremante 
have  bean  background- oorre  oted  and  decayed  to  the  nidrtiaa  of  the  initial 
readings.  All  maawaramanta  maim  taken  with  the  Mobil#  thlelded  Oaaaaa 
Detector  Unit  described  in  Toltaw  I  of  thia  aarlaa  of  reports.  Table  A*1 
presents  the  tW  data  utilised  to  obtain  the  effort  required  for  eaoh 
eurfaooHaethod  ooebioation. 

A  aap  of  damp  Itonaman  indicating  the  various  teat  araaa  la  shown  in 
Fig.  A.l* 


59 


TABU  A.l 


Data  for  n*t1  ftn  ffforti 


«**■■ 


Tot.;.  %«U 


■ar 

■4tU— 


i'V 


. yatt . 

■  ftVatiu.,. 


B1 

1 

2406 

9 

112.'$ 

8.0 

xafto 

2 

6 

75  : 

8*0 

1920 

3 

8 

100 

8.0  /y\ 

2.$/6*7lb) 

1440 

4  (AB) 

8 

160 

960 

B 2 

1 

2400 

10 

117 

7.7 

1230 

2 

10 

117 

7.7 

1230 

3  % 

10 

117 

0.9l/7.7(b) 

1230 

4  (AB) 

10 

250 

580 

B3 

1 

2400 

11 

165 

6.7 

870 

2 

8 

120 

2.2/6. 7^ 

1260 

3  (AB) 

7 

180 

800 

BA 

1 

4000 

21 

273 

7.7 

880 

2 

10 

130 

7.7 

18f0 

3 

10 

130 

7.7 

18  j»0 

B5 

1 

'  4400 

8 

136 

8.2 

-1970 

2 

8 

144 

7.8 

1880 

3' 

8 

104 

10.7 

2580 

B6 

1 

4480 

17 

425 

5.6 

630 

2 

10 

250 

5*6 

1070 

3 

5 

350 

2.0 

770 

B7 

1 

2400 

8 

208 

3^9 

690 

a 

8 

203 

3.9 

£t%r\ 

U7U 

2 

1  A 
*v 

nJ.  a 

AW 

A  A 

.3*7 

55v 

B8 

1  . 

2200 

.10 

250 

. 4.0 . 

530 

0 

«w 

f» 

o 

rvn  a 

(WV 

4*0 

660 

3 

8 

240 

3.3 

550 

B9 

1 

2200 

10 

260 

3.9 

510 

2 

8 

96 

8.3 

1380 

3 

8 

88 

9.1 

1500 

Contlnuad 
a.  Computed 

b«  Forward/havwrw  AB  »  Air  Broom 
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TABU  A.1  (tent'd) 


Bw  Data  for  teaoataalnation  Bffort 


Toot 

C(roL» 

Art* 

Bo.  of 

Tina, 

Bat# 

f*? 

*TT"  ' 

fti^paa . 

KLO 

1 

1100 

10 

100 

5*0 

660 

2 

12 

96 

6*2 

690 

j* 

3 

12 

96 

6*2 

690 

sn 

1 

1100 

10 

100 

5*0 

660 

2 

10 

75 

6.7 

000 

3 

10 

75 

6.7 

000 

Hia 

1 

1100 

10 

180 

5*0 

370 

2 

10 

75 

6.7 

000 

3 

10 

75 

6.7 

000 

m.3 

1 

2000 

6 

90 

6.7 

1330 

2 

6 

70 

7.7 

1540 

3 

6 

70 

7.7 

1540 

HL4 

1 

2400 

12 

100 

6.7 

aoo 

2 

0 

120 

6.7 

1200 

3 

00 

120 

1.7/6.7(b> 

1200 

4  (AB) 

10 

300 

400 

KL5 

1 

2000 

0 

120 

6.7 

1000 

2 

0 

120 

6.7 

1000 

3 

0 

120 

6.7 

1000 

BQ.6 

1 

1300 

6 

160 

2.9/2.9?b) 

490 

HL7 

1 

2 

1300 

10 

10 

200 

200 

SSfcS® 

410 

410 

KLO 

1 

1360 

lv 

300 

2.?A*6(b) 

200 

a#  Gsa«ited0 

b.  Forv»rd/H*Terso  AB  -  Air  Broon 
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TABLE  A -3 


TEST  NO, 
DATE 

PROCEDURE 


B  -  1 
a/91/Mi 

y  /  "  *» 


SURFACE  TYPE  Aeghalttc  Concwto 
AREA  NO,  2  ■  tB 


Motortaed  Sweeping  AREA  SIZE 


Wayne  Modal  460 


20'  x  100' 


I  MITTAL  READINCJS  | 

i .  -  "  —  ■■■’> 


1  7333 

ease 

6699 

6491 

sees 

6620 

4604 

3942 

▲ 

A 

A 

A 

A 

A 

A 

A 

7680 

8066 

8419 

6060 

7064 

7768 

9140 

3763 

A 

A 

A 

A 

A 

A 

A 

A 

PASBNO,  1 


1816 

1190 

627 

876 

470 

440 

677 

294 

A 

A 

A 

A 

A 

A 

A 

A 

686 

613 

623 

849 

839 

418 

363 

496 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  2 


1006 

712 

397 

346 

A 

A 

A 

A 

362 

319 

337 

409 

A. 

A 

A 

A 

298 

224 

821 

216 

A 

A 

A 

A 

909 

313 

274 

294 

A 

A 

A 

A 

PASS  NO.  3 


1206 

428 

201 

273 

234 

247 

353 

194 

A 

A 

A 

A 

A 

A 

A 

A 

188 

182 

212 

206 

238 

159 

191 

326 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO,  4 

Air  Broom  Sweeping 

006 

50 

42 

04 

41 

34 

46 

33 

A 

A 

A 

A 

A 

A 

A 

A 

39 

48 

95 

39 

43 

30 

43 

61 

A 

A 

A 

A 

A 

A 

A 

A 
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TABLE  A-} 


TEST  NO, 
DATE 

PROCEDURE 


B-l 


1/17/M 


MotorlMd  twtping 
Wtyrvn  Modnl  450 


SURFACE  TYi'S 
AREA  NO. 

AREA  SIZE 


A»pimaic  coficrw 

B-13 _ 

10'  x  100' 


INITIAL  RIADtNQg  1 


10111 

11055 

11545 

13514 

mis 

11810 

mi 

A 

▲ 

▲ 

▲ 

A 

A 

▲ 

KH 

10051 

11514 

19067 

11044 

14756 

11150 

11374 

6631 

A 

▲ 

A 

▲ 

▲ 

A 

▲ 

A 

PAM  NO,  1 


080.7 

653.5 

766.1 

785,1 

760,3 

619.0 

658.1 

761.8 

A 

A 

▲ 

A 

A 

▲ 

▲ 

▲ 

037.  5 

1114.3 

1403. 1 

1583.3 

1544.5 

1401.1 

1108.3 

817.0 

▲ 

▲ 

A 

A 

A 

▲ 

▲ 

▲ 

PASS  NO.  a 


396.1 

381.0 

307.1 

386.0 

316.0 

317.8 

364.4 

643.9 

▲ 

A 

A 

A 

A 

A 

A 

A 

438.4 

406.4 

441.1 

630.3 

660.1 

647.9 

461.0 

410.3 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  3 


170.9 

137.0 

101.3 

165.1 

139.9 

148.6 

308.0 

335.0 

A 

A 

A 

A 

A 

A 

A 

A 

313,6 

170.9 

330.4 

336,0 

356.6 

414.8 

378.1 

350.3 

A 

A 

A 

A 

A 

A 

A 

A 

vaew  nu.  4 

Air 

Di  UUIU  U«TCVpui| 

45,4 

43.5 

44,3 

47.5 

41.4 

48,1 

54.4 

64.8 

A 

A 

A 

A 

A 

A 

A 

A 

40.8 

41.6 

46.6 

51.1 

80.6 

56.1 

63.  0 

70,7 

A 

A 

A 

A 

A 

A 

A 

A 
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TABU!  A-4 


TEST  NO, 

B  -  S 

SURFACE  TYPE  Aeptaltlc  Concrete 

DATE 

8/ae/u 

AREA  NO. 

PROCEDURE 

Mctorlwd  Sweeping 

AREA  SIZE  10'  x  100' 

Wayne  Model  450 

INITIAL  H1AD1M06  1 


3278 

9771 

9835 

7889 

9967 

7509 

9924 

7374 

▲ 

A 

A 

A 

A 

A 

A 

A 

8125 

7641 

6554 

8483 

5289 

6274 

8762 

8574 

A 

▲ 

A 

A 

A 

A 

A 

A 

PASS  NO.  1 

228,0 

188.1 

234.2 

178.4 

232.9 

208.0 

244.4 

218.8 

A 

A 

A 

A 

A 

A 

A 

A 

284.1 

417.3 

303,6 

200.8 

379.3 

290.4 

227.0 

168.9 

▲ 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  2 

134.2 

123.8 

142.4 

99.6 

135.0 

118.  B 

133.3 

129.5 

▲ 

A 

A 

A 

A 

A 

A 

A 

130.2 

173,4 

147.6 

77,0 

207.1 

181.7 

110.7 

90.1 

▲ 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  S 

Air  Broom  Sweeping 

7.8 

9.3 

18.8 

7,4 

8.1 

5.8 

5.2 

6.2 

A 

A 

A 

A 

A 

A 

A 

A 

10.1 

10,7 

11.5 

9.7 

9,8 

10.3 

7.0 

6.8 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  4 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
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TABLE  A -15 


PASS  NO.  1 


PASS  NO.  a 


PASS  NO,  3 


233.  a 

▲ 

132.4 

A 

177.0 

m 

151.7 

2 1'S.  6 

A 

mm 

330. 8 

A 

208.6 

▲ 

280iC 

A 

A 

A 

A 

A 

A 

A 

A 

A 

236.4 

▲ 

203.6 

▲ 

187.2 

A 

172.8 

▲ 

166.1 

A 

165.2 

A 

216,8 

A 

281.3 

A 
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Trffr  uqi 

DATE 


TABLE  A -8 


PROCEDURE  Motorized  flwwplin 
Wayne  Model  480 


Portland 

QllUFAI'l’  TVBR  Oamaut  Pmax  1» 
..... - -  -  -  —  asssssu&aaauuoi 

AREA  NO.  A  -80 _ 

AREA  SIZE  32'  x  140' 


SHEADINGS 


8174 

7805 

8888 

9008 

8349 

7184 

8598 

7670 

9128 

7715 

▲ 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

7238 

8802 

8880 

6787 

7013 

7300 

7809 

8489 

8883 

8841 

▲ 

▲ 

A 

A 

A 

A 

A 

A 

A 

A 

A 

2058.8 

1832.9 

1883.3 

1385.0 

1413.0 

1458.5 

1143.7 

1084,3 

1179.0 

1148.7 

1245.8 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

513.4 

420.0 

490.2 

943.8 

971.3 

748.4 

783.8 

2239.1 

1033.7 

939.0 

853  .3 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  2 


TABLE  A-7 


TEST  NO, 
DATE 

PROCEDURE 


B-9 _ 

B/aa/tsa _ 

Motorized  Sweeping 
Wayne  Model  460 


Portland 

SURFACE  TYPE  Cement  Concrete 

AREA  NO,  A  ■  30 _ 

AREA  SIZE  32'  x  140' 


PASS  NO.  2 


362.3  191, 1  174,9  181.0  239.2  210.4  1729.1  213.6  274.0  360.2 

▲  AAAAAAAAAA 


48.3  81.0  61.6  1  00.1  87.0  B7.3  600.6  107.1  113.0  113.3 

AAAAAAAAAA  A 

r 

fleam 

PASS  NO.  3 _ Air  Broom  Sweeping  j _ 

60.0  2B.0  10.3  13,3  12,1  13.8  37.1  13.2  10.7  14.1 

aaaaaaaaaaa 


47.7  ID. 2  is.  7  is.  4  12,0  11.2  33B.S  11,4  0,7  12.6 

▲  AAAAAAAAAA 


68 


TABL3  A -I 


TIflT  NO. 
DATE 

PROCEDURE 


B  -7 _  SURPACI  TYPE  Aflfettte CegcgU 

B/IB/BC _  ARIA  NO,  B-7 _ 

Vgcwwtejd  Bwwpiwt  ARIA  SIZE  ID1  x  IQff _ 


T#n*nl  Uod«l  100 


INITIAL  REAMNOS  1 


M  4034  3343 

3333 

M«a 

3340 

7303 

4311 

▲ 

▲ 

A 

A 

A 

A 

A 

A 

1444 

3310 

1837 

3471 

3030 

3719 

3530 

▲ 

▲ 

A 

A 

A 

A 

A 

A 

PASS  NO.  1 


101 

188 

338 

304 

340 

337 

304 

A 

A 

A 

A 

A 

A 

A 

A 

37 

130 

114 

179 

188 

181 

301 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  3 


88 

93 

84 

103 

108 

88 

89 

A 

A 

A 

A 

A 

A 

A 

A 

39 

08 

44 

69 

84 

88 

68 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  3 


PAJ«  NO:  4 
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TABLE  A -4 


TEST  MO, 
DATE 

PROCEDURE 


4/11/M 


Vnnwntwti  gamsi 
T*mant  Ifcdll  100 


SURFACE  TYPE 
AREA  MO. 

AREA  SIZE 


A*ph»itic  Oa^tto 
B-  8 
Iff  x  lOff 


[ijmm 

E2ESOI 

■  mss 

116TB 

HMD 

93M 

1000) 

11167 

8789 

10170 

A 

A 

A 

A 

A 

A 

A 

A 

moo 

14974 

16041 

14416 

16189 

mos 

10116 

15867 

A 

A 

A 

A 

A 

A 

A 

A 

PAW  NO.  1 


PASS  NO.  a 


PASS  NO,  4 _ 

A  A  A  A  A  A  A  A 


A  A  A  A  A  A  A  A 
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TABt*  A-10 


TEST  NO . 
DATE 

PROCEDURE 


a  -a 
9/i  a/w 


Y»fiumatwd  gwatptni 
Tannknt  Mxtol  100 


SURFACE  TYPE 
AREA  NO, 

AREA  SIZE 


Ajptatttc  Concft* 

B  •  9 _ 

WnW 


wrmx,  readIwcb  1 


•1  13707  17030 

looia 

10070 

10903 

mot 

13701 

10044 

A 

A 

A 

▲ 

▲ 

A 

A 

A 

18100 

14403 

1WJ4 

19017 

10797 

10879 

14041 

19140 

A 

A 

A 

A 

▲ 

A 

A 

A 

PASS  HO.  1 


130.1 

018.6 

331.3 

169.1 

310.6 

313.9 

180.3 

103.1 

A 

A 

A 

A 

A 

A 

A 

A 

160.1 

141.8 

m.9 

196.7 

169.9 

477.1 

643.0 

791.3 

A 

A 

A 

A 

A 

A 

A 

A  ' 

PASS  NO.  1 

96.7 

178.7 

180.4 

100.1 

103.1 

171.4 

103.0 

141.3 

A 

A 

A 

A 

A 

A 

A 

A 

80. 1 

130.7 

134.7 

161.7 

137.0 

144.0 

187.1 

119.4 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  3 


88.7  141.6 

A  A 

119.0 

A 

141.9 

A 

100.1 

A 

140.4 

A 

119.3 

A 

wm 

81.3  111.9 

A  A 

96.7 

A 

139.9 

A 

110.0 

A 

113.7 

A 

139,7 

A 

163.3 

A 

PAW  NO.  4 

A  A 

A 

A 

A 

A 

A 

A 

A  A 

A 

A 

A 

A 

A 

A 
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TABLE  A-ll 


TEST  NO.  B  -11 _  SURFACE  TYPE  AaphaUU  Concrf 

DATE  9/13/88 _  AREA  NO.  B  - 10 _ 

PROCEDURE  VucwuatMJ  frwptnf  AREA  SIZE  IQ1  x  SO1 _ 

TttlMlU  Modal  80 


INITIAL  RKAJMHOfl  1 


4011 

A 

loans 

A 

9409 

A 

0710 

A 

A 

A 

A 

A 

8408 

A 

8378 

A 

7800 

A 

8340 

A 

A 

A 

A 

A 

PASS  NO.  1 


PASS  NO.  a 


PASS  NO.  3 


r 


A  A  A  A  A  £ 

A  A  A  A  A  a 
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TABUS  A-1S 


TEST  MO. 
DATE 

PROCEDURE 


B  -  11 


9/10/M 


Vacuum  Bgwgteg 
T*nnant  Model  90 


SURFACE  TYPE 
AREA  NO. 

AREA  SIZE 


Alfhtttlft  COBCfttg 

B  -  11 _ 

Iff  xSff 


1MTTUL  RKADW06  | 


17335 

A 

11119 

▲ 

▲ 

A 

A 

A 

10940 

A 

13171 

▲ 

A 

A 

A 

A 

PASS  NO.  1 


PASS  NO.  3 


PASS  NO.  4 
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TABLE  A-14 


TEST  NO. 
DATE 

PROCEDURE 


1--At 


SURFACE  TYPE  A»PhalUo  Concrf 


»/5/M 


Mo4orU«4  Ewaptof 
w/aaod  pr*tr*ktm*n< 
W»}m«  Modal  450 


AREA  NO. 
AREA  SEE 


B  -  5 
ID1  x  IW 


INITIAL  READDKJ6  | 
r . 1 


1101 

am 

»07 

3510 

3417 

3178 

1778 

4883 

▲ 

A 

A 

A 

A 

A 

A 

A 

Si  OS 

SISi 

4iw 

4711 

Sin 

SIM 

4873 

4M0 

A 

▲ 

A 

A 

A 

A 

A 

A 

PAM  NO.  1 


1148,8  870.0 

A  A 

1104.8 

A 

1103.0 

A 

1133.0 

A 

883.1 

A 

713.8 

A 

360.1 

A 

417.0  831.3 

A  A 

844.8 

A  ' 

530.6 

A  ■ 

600.8 

A 

760.1 

A 

713.1 

A 

876,6 

A 

PASS  NO.  1 

788.8  814. B 

A  A 

647.0 

A 

680.5 

A 

■  734.1 

A 

544  .6 

A 

538.5 

A 

467.8 

A 

118.0  311.0 

A  A 

353.8 

A 

358.1 

A 

404.0 

A 

437.5 

A 

500.1 

A 

468.5 

A 

PA SB  NO.  3 

546,3  308.0 

A  A 

430.8 

A 

433.5 

A 

446.4 

A 

430.4 

A 

345.3 

A 

338.7 

A 

163.5  171.6 

A  A 

310.7 

A 

341.3 

A 

363.3 

A 

300,5 

A 

384.0 

A 

317.1 

A 

t»A««  57A  » 

rnuii  nu.  4 

A  A 

A 

A 

A 

A 

A 

A 

A  A 

A 

A 

A 

A 

A 

A 
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TABLE  A -IS 


TEST  NO. 
DATE 

PROCEDURE 


8-14 


W»/M 


jtoorUtd  Bwwpba 
w/mnd  pratrMUunt 
#»T«#  Modal  460 


SURFACE  TYPE  Ajjaglc  CemcraU 
AREA  HO,  B  •  7  _ 

AREA  SIZE 


1C  x  100* 


i 

i 


PASS  NO.  1 


#81. 6 

sis. a 

882.4 

776.0 

083.4 

076.8 

670.3 

620.2 

A 

A 

A 

A 

A 

A 

A 

A 

719.  # 

788.8 

776.2 

1200.3 

1141.8 

1333,8 

1616.4 

1638.fl 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO,  a 

472.8 

434.8 

336.7 

367.1 

360.6 

368.1 

414.3 

431.2 

A 

A 

A 

A 

A 

A 

A 

438.4 

467.1 

300.0 

628,7 

620.2 

617.2 

460.0 

A 

A 

A 

A 

A 

A 

PASS  NO,  S 


271.0 

278.2 

226.1 

263.7 

241.8 

340.6 

285.7 

327.6 

A 

A 

A 

A 

A 

A  • 

A 

A 

220.2 

261.8 

262.3 

346.0 

316.8 

316,8 

328.5 

237.0 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  4 

Air  Broom  Sweeping 

-  . 

40.  U 

4  a  44 
tVi  4a 

IS,  7 

IQ  A 

SB.  7 

41.1 

42.3 

41.4 

A 

A 

A 

A 

A 

A 

A 

A 

44.8 

$1.4 

5S.& 

40.8 

52.3 

83.3 

68.8 

63.4 

A 

A 

A 

A 

A 

A 

A 

A 
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1 

f 


TABLE  A-1B 


TEST  NO.  B  -  It 

DATE  9/1/M 


SURFACE  TYPE  Aiph»Ulc  Concrf 
AREA  NO.  B  ■  I  _ 


PROCEDURE 


Motorized  Sweeping 
w/itnd  pretreetraent 
Wayne  Model  450 


AREA  SIZE 


90>  a  100' 


tfflUAL  READINOfl  | 


litoo  iaeoa 

A  A 

11076 

A 

13017 

A 

13017 

A 

11931 

A 

11040 

A 

10936 

A 

A  A 

a' 

A 

A 

A 

A 

A 

PASS  NO.  1 

2093 .3  9350.6 

A  A 

1984.3 

A 

1649  .4 

A 

9909.5 

A 

13199,7 

A 

1166.6 

A 

993.3 

A 

A  A 

A 

A 

A 

A 

A 

A 

PASS  NO.  9 

196. 5  976. 0 

A  A 

609.6 

A 

674.6 

A 

1409.6 

A 

477.7 

A 

496.6 

A 

877.4 

A 

A  A 

A 

A 

A 

A 

A 

A 

PASS  NO.  4 


A  A  A  A  A  A  *.  A 

A  A  A  A  A  A  A  A 
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TA.BLE  A-17 


TEST  NO, 

B  -  18 

BURPACE  t 

YPE  AapbftUif.  Concrat* 

DATE 

8/30/M 

AREA  NO. 

B  -24 

PROCEDURE  Air  Broom  Swaaoln* 

AREA  SIZE 

I01  x  6ff 

[  INITIAL  READINGS  1 

” 

*  sim 

JH2 

3377 

3838 

3880 

A 

A 

A 

A 

A 

A 

A 

A 

1383 

2888 

3480 

2387 

3007 

▲ 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  I 

W.fl 

to.  a 

54. 8 

87.7 

30.0 

▲ 

A 

A 

A 

A 

A 

A 

A 

an.  3 

31.0 

33.8 

as.  e 

28.8 

A 

A 

A 

A 

A 

A 

A 

A 

PASS  NO.  2 

▲ 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

4 

A 

A 

PASS  NO,  3 


A  A 

A 

A 

A 

A 

A 

A 

A  A 

4 

A 

A 

A 

A 

A 

PASS  NO.  4 

A  A 

A 

A 

A 

A 

A 

A 

A  A 

A 

A 

A 

A 

A 

A 
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PASS  NO.  S 


TABLE  A-18 


_  8’JRFACE  TYPE  AwhiUlc 

_ _  AREA  NO.  B  - 18 

(pin*  AREA  SIZE  10*  x  80* 


£-  1  1  t  ■ 


v ?  :  v:  *•  , 

"  vfC  *  •  :*. ' 


AFPDDH  B 


COUVEWIOg  CT  JUKIATIOI  NEASUBBflOnS  TO  NABS  WITH 


B.l  A  calibration  factor  for  the  Mobile  shielded  detector  was  determined 
for  each  surface;  this  calibration  factor  vas  then  used  to  determine  a  con¬ 
version  factor  for  determining  nass  levels*  The  complete  derivation  of 
these  factors  is  discussed  in  detail  in  Vol,  X  of  these  series  of  reports. 

«•  T^T"  (1> 

where  K  ■  calibration  factor,  counts  per  disintegration  per  square  foot 
(o/d/ft2),  accounting  for  surface  rougjbnat*  sad  backs cat ter ing 
Xr  ■  average  initial  intensity  of  contaminated  surface,  la  counts  per 
minute  (o/m)  obtained  with  mobile  shielded  detector 
1^  •>  average  weight  of  contaminant,  In  grass  per  square  foot  (g/ft2) 
determined  by  1.22  ft2  pan  staples 
S  -  specific  activity,  in  disintegrations  per  second  per  grsa  d/s 
Measured  in  a  h»pl  ionisation  chaster,*  6 

As  can  be  seen,  frees  Table  B.l  a  considerable  variation  in  the  value  of 
K  was  found.  Thla  variation  is  attributed  primarily  to  laetrumamt  error  or 
variability  and  to  rearrangement  of  the  contaminant  by  the  wind  between  suc¬ 
cessive  msssui  wasnts  A  K  of  constant  valus,  denoted  as  Kq,  was  dstemineA 
for  each  surface  by  a  simple  average  of  all  suitable  values.  To  determine 
mass  levels  using  X^, 


Xo  *  8  -  0 

(2) 

i£  -  H_ 

(3) 

V 

Hr  _  „ 

g~-m  * 

<*0 

*The  calibration  factor  used  for  converting  the  readings  from  the  4-pi  Ion 
~hsmbnr  from  millissperes  to  disintegrations  per  second  1st 

3.30  x  10-15  JHL  6  . 
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wharo  U  ■  a  ooanraroloa  factor,  "' 

Nq  »  o>lwfl»U4  iaitlol  mcS,~i/t# 

If  ■  mrofam  mltel  laftaaoltgr  of  dacoat— laatod  aurfaea,  la  o/a 
H  -  oaletflafcaA  raal*aal  m$»,  */ft* 
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n 

i 


!>[ 


TAJtlB.l 

Compilation  of  Basic  and  iietraciad  tsst  Data 


■ -i  •  i  ;  :..i 


(1) 

MMbWokai 

(a) 

(3): 

(4).’ 

(5) 

(6) 

Mix(a) 

Wind 

Speed, 

*D 

Pan  Count 

V 

c/d 

Area 

Pftta  .. 

|/ft2 

mffEzm 

Lf/yr^T'UP1  r-Bj 

bi 

115 

8/27/58 

2.3 

1347 

■as 

23*0 

isms 

3.^rd 

u*5 

B2 

B3 

*13 

B2 

» 

2.4 

2.2 

0630 

1405 

7 

6 

■64*7 

lS.9 

103386 

1*43 

1.24 

b4 

A29 

d/30/50 

2.6 

1120 

4 

15.0 

M 

3.129 

1.39 

B5 

A30 

9/3/56 

3.3 

084? 

5. 

4l*4 

3.453 

1.46 

B 6 

A30 

O/26/50 

2.2 

0950 

2 

104*5 

1.190 

1.49 

a 7 

■I 

9/12/56 

4.5 

1747 

9 

15.6 

0 

298516 

3.2600 

1.47 

18 

Bd 

9/11/56 

4.4 

1120 

10 

63.2 

ll® 

l.4l 

B 9 

B9 

9/10/38 

4.3 

1547 

10 

210*9 

1.44 

BIO 

BIO 

9/15/58 

5.i 

0955 

••  :i 

22.1 

,61013 

3-l$T 

1.45 

Bll 

Bll 

9/12/58 

4.5 

1505 

0925 

5 

32.2 

180.3 

97336 

3*437 

1.46 

B1& 

P12 

9/10/58 

4.3' 

2 

282039 

1*809 

i;4s 

s 

B15 

B3 

9/5/58 

3*5 

0842 

1 

19.8 

5^12 

2.986 

1.49 

B7 

B9 

8$P 

2.5 

3.1 

1057 

0805 

5 

2 

54.9 

178.9 

107893 

238367 

2.986 

1.489 

1.45 

1.49 

BLj 

B24 

8/30/58 

2.6 

0737 

4 

10.0 

,29190 

3.282 

1.46 

BIT 

Bid 

8/29/58 

2.5 

0727 

1 

61.8 

172521 

3.836 

1.43 

B18 

B2 a 

9/2/58 

3.2 

0900 

3 

131.0 

175316 

1.552 

1.43 

I  MW  X 

, 

a.  Vlrat  nuaarml  refers  to  weak;  second  nuaeral  to  dsjr. 


b.  Extrapolated  value* 

c.  These  values  not  used  for  obtaining  Xq. 
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PKP  ppp  peg  PSP  5«P 

OB-4  Cv  \H  WHO 


TAXU  ».l  (Coat'd) 

Ceapllatioa  of  lasio  aad  extracted  foot  Data 


V 

<£) 

9j? 

£1 

m 

(14) 

JL.-3 

£2 

/•  X  ft® 

« 

o/e 

c/e 

o/e 

e7» 

c/e 

833.51 

6,452 

27.63 

568.7 

348.1 

226.7 

45.1 

200-52 

11,878 

59.23 

996.? 

43**2 

311.O 

50.6 

65.C 

7,910 

1*0.86 

250.4 

132.2 

9*0 

- 

196.81 

3,298 

16.76 

333.3 

282.5 

202.8 

m 

&7.19 

7»4l4 

34.14 

1048 

543.0 

*68.0 

M 

74.85 

8,0179 

118.57 

181.4 

156*8 

17.? 

m 

191.36 

4,136 

81.61 

198 

75.8 

52.2 

m 

204.80 

95.98 

3$ 

67.55 

177.70 

I6I.3 

345.7 

JK 

64.3 

122*9 

m 

107.66 

3  >471 

18.50 

746 

420 

309 

m 

*01.75 

6,766 

33.54 

1*70 

909 

650 

m 

106.19 

16,568 

174.86 

1087 

792 

623 

- 

175.28 

4,171 

*3.80 

816 

496 

329 

175.88 

12,533 

71.50 

920 

440 

276 

48.6 

87.40 

12,055 

137.93 

1648 

743 

454 

m 

192.65 

3,095 

16.07 

39.7 

w 

w 

M 

109*95 

11,943 

62.87 

108.7 

75.1 

m 

mf 

91.10 

13,548 

148.72 

84.0 

• 

m 

m 

to  weekj 

1  second 

maeerel 

to  day. 

toot 


3L  (a 


7«04o  5. 

£8m  ?: 


070 


7.007  <*890 
5.191  6.890 
7.134  6.890 

8.053(°)  5.070 
6.079  5*070 
4.9^7  5*070 


4.913 

6.U1 

5*693 

7.074 

7.651 


5.870 

5.870 

5.070 

5*070 

5.070 


1  %  *r  w*  * 

4.584(g)  5.0TO 

9*43o(°)  5*070 

?:!2  \X 


a. 

b. 
0. 


extrapolated  value. 

Those  values  not  used  for  obtaining  X^. 
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Explanation  of  Table  Bil 


(1)  Time*  Time  that  initial  reading  waa  taken;  all  radiation  data  have 
been  decayed  to  this  time. 


(2) 

(3) 

w 

(5) 

(6) 

(7) 

(8) 
(9) 

(10) 

(11) 

(12) 


Wind  Speed.  V/lnd  speed  at  tine  (l)  obtained  with  a  hand  held  anemometer. 

Mp.  The  average  weight  of  the  contaminant  deposited  per  square  foot 
—  by  the  dispersal  device.  The  contaminant  was  collected  In 
1.22  ft2  pans  placed  approximately  every  500  ft2  in  the  con¬ 
tain!  tuition  pattern. 


Pan  Count.  The  average  one  minute  count  determined  In  a  large  scale 
counter  for  the  pan  sample  (normalized  to  1  ft2). 

B.  Specific  activity  determined  by  4-pl  ion  chamber  on  a  staple 
“  taken  from  pan  (3)  above. 


c/d.  The  ratio  of  (4)/60  j  c/d  should  be  a  constant  value  for  all 
cases.  T3r?C5J 

K.  Calculated  value.  K  ■  ^  K  should  be  a  constant  value 

for  all  like  surfaces. 


K^j.  Average  value  of  K. 

C.  A  conversion  factor  dependent  upon  specific  activity  (5)  and 
Ko(8) * 

Ir.  Average  Initial  count  of  the  test  area  taken  with  the  mobile 
shielded  detector. 

M 0.  Average  initial  mass  level;  the  ratio  of  (10)/(9). 

(15)  Rr~l;  etc.  Average  residual  count  on  the  teet  area  taken  with 
the  mobile  shielded  detector.  Values  given  are  for  successive 
cycles  of  the  decontamination  procedure.  These  values  can  be 
i>nnv.rt.rt  to  **  by  the  use  of  conversion  footer  C. 


M  - 


Rr 

C 
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AFPZKDIX  C 


c.l  oy erating  characteristics  of  the  three  street  sweepers  evaluated 

ere  given  In  the  following  tables,  the  information  listed  wne  obtained 
from  manufacturer's  Information  brochures  describing  the  equipment. 
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TABU  0-1 


Operating  Characteristic*  of  Wayne  Model  450 


1*  2m 

Manufacture  -  Wayne  Manufacturing  Ob.,  Newark  5*  New  Jersey 
Model  Mo*  Wayne  450 


Maflrtitti  6-8  aph  (Travel  20  -25  aph) 

Minlaua  2-4  ^ph  • 


3*  awwAw  f!itt 

Piokup  Bwoe 
With  one  getter  brooa 
With  two  gutter  borocau 

4.  area*  OarafliartgUM 

Main  (Pickup)  Broca 

Diameter 
Length 
Brooa  Material 
Drive 
Mounting 
Control  (lift) 
Reversible 
Speeds 

Side  Broome  (Cutter) 

.  IMeawter 

Bua. 

Drive 

Mounting 

flnnAeutil  ^ 

wviimva  \-aaa  v/ 

Speeds  • 


4*  10" 
7*  6" 
10*  0" 


36" 

58" 

Palmyra  Stalk 
Chain  Strive 

Full  Floating  -  Spring  Suspended 
Hydraulic 

Tss 

2  Fwd,  1  Reverse 


45" 

iwuvi  o6H  Steel  Hi 
Direct  Drive 
Free  Floating 

*V  v#a  WU.AV 

2  Fwd,  1  Reverse 


TASK  0-1  (Oont*d) 

Operating  flhiradtsristies  of  Wiy»  *>&L  450 


figm^r  a-gtaa 

Type  leddar  lyp*  -  B»W»r 

Drif*  Rubber  Chain 

Spaed*  2  Fed,  1  Rarer*# 


6.  Mft  Hopper 

Cecity  3  outdo  yards  (located  Forward) 

Dt»p  Controls  Hydraulic 

Drop  Doors  GLasi  Typs 


7.  Wnkir  Swirl  M 

Tank  Capacity 

No**l*a 

Fwp 

Operating  Controls 


170  Oallnna 

Brass  Ataadsing  Sossles 

Centrifugal 

At  Drifers  Position 


a.  ntTfllnal  m”,‘n*1ona 


Wheel  Base 
length  OrsrsU 


Height 

Width  Osrsrall 


Weight 

Turning  Radius 


9’-  1" 
15*-  8" 

6  *-ll* 

8’-  8" 
10,000  lbs. 
14* 


j 
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xaBL£  0-2 

Operating  Characteristics  of  Tennant  Model  100 


"  11  ■"■■■■-■  mmmmm m  ■— n 

1*  lot 


Manufacture  3.  H.  Tennant  Oo»f  Minna apoli*,  Minneeota 
Model  No.  Model  100 


2*  AMulacJbMtda 

Katina  15<0  «ph 

MLnAma  2.3  sjph 

3*  Path 

Pickup  Broca  4*  0" 

With  two  gutter  faroeas  V  4” 


4.  tom  flMHTMkrlrtlflit 


Main  (Pickup)  Broca 

Bt«aeter  Tt« 

length  4ft" 

Broca  Material 
Drive 
Mounting 
Control  (Lift) 
Reversible 
Speeds 

Side  Brooeu  (Gutter) 

•  Di«eeter 
Broca  Material 

Xngine 

Mounting 

finnt.wil 

Speeds  - 


Plastic  Filled 
Bnglne  Driven  -  Gears 
Free  Floating 
fydraolio 
So 

2  7wd« 


32" 

Flat  Wire  Bristles 
Engine  Driven  -  Gears 
Free  Floating 

n 

v 

2 
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TABU  0-2  (float'd) 

Operating  Characteristics  of  Tennant  Modal  100 


5*  iiSUMJtZiim 

Typa  Suction  Type  Dust  Collection  Through  Bags 

Mata rial  Cloth  Bags  -  540  ft* 

Air  Plow  2200  cfa 

.BklflBjmar 

Capacity  1-3 A  ceM**  yards 

Ouiitp  Controls  i^drauila 
Dmp  Doors  Roar  Lift 

7.  ftmdMl  MmiJam 

Nhsal  Base  4'-4n 

length  Overall  9,-9-lA* 

Haight  7  »-2*» 

Width  (Wall  7'-4" 

Weight  7600  lbs 

Turning  Radius  9,-2" 
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TABS*  0-3 

Operating  Gtmraoterlatlcs  of  Tennant  Modal  80 


i*  Ina 

Mamfaotura 
Modal  Mo. 


0.  H.  Tannant  Oo.,  KLnnaapolia.  Klnnoaota 
Modal  80 


2«  Aurtai  flBftdi 

Itodama  8  uph 

Minimal  2  «ph 

3. 

Plckup  Broca  42" 

liftth  on*  gutter  tiroca  53" 

4.  »-*>«■  n,»1—fltorlstias> 

loin  (Pickup)  Broca 

Dioaoter  14" 

Length  42" 

Broca  tutorial  Fiber  ftfictlaa 
Driva  7  Bolt 

Mounting  Froo  Floating 
Control  (Lii>-)  HFdranlio 
Ravaralbla  No 

Spaada  2  Fwd. 

Slda  Broooa  (Out tor) 

•  Diaoater  21" 

Broca  Material  Wire  Bristles 
Drive  7  Belt 

Mounting  Free  Floating 

Control  (Lift)  HrdnuiH  n 

Speeds  •  2 
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TABIE  0-.3  (Oont'd) 

Operating  Characteristics  of  Tennant  Model  80 


5.  YaaiMLflrataffl 

Type  Suction  Type  Duet  Collector  Through  Bag 

Material  Heavy  Fabrio  Bag  -  4200  in*  Area 

Air  Flow  700  cite 

6*  Dirt  Hopper 

Capacity  12  cubio  feet 

Dunp  Controla  Hydraulic 

Dtnp  Doors  Front  Lift 

7.  ftpraloal  Mjanifllona 

Wheel  Base 

Length  Overall  S31' 

Height  55" 

Width  Overall  55-1/2" 

Weight  1410  lba 

Turning  Radius  65" 
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DISTRIBUTION 


Sflelaa 


1-3 

4-5 

6 

7-16 

17 

16 

19 

20-22 

23-25 

26 

27 

2* 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 


46-47 

48 

49 

50 

51 


MATT 

chief,  BUjpMu  of  Step#  (Cod*  335) 

Chief,  Ifeeau  of  Stipe  (Oode  341/ 

Chief,  Bureau  of  Aeronautioe  (Code  4S40) 

Ottief,  Bureau  of  Thrdi  and  Docka  (D-440) 

Chief  of  Naval  Operations  (Op-75) 

Chief  of  Bevel  Operation!  (CH<30) 

Chief.  Bureeu  of  Seppliee  and  Amounts  (Code  88) 
Mf#ofc#r,  Jemal  leceeroh  Laboratory  (Code  2021) 

CO,  0.8*  level  Civil  fcudfteerlng  Laboratory 
0,3,  level  School  (fflfc Officer*/ 

00,  Navel  8ohoole  On—end.  Treeeove  lulled 

CO,  Bevel  Oeaege  Oontrel  Training  Canter,  Philadelphia 

0,3.  Navel  Pbatgraiduete  Sofaool,  fionterey 

Copundant,  12th  Naval  Dietrich 

Qffloe  «f  Patent  Counsel,  flea  Diego 

CO,  Nuclear  Weapon#  Training  Canter,  Atlantic 

00,  Nuclear  Neapona  Training  Center,  Pacific 

Freeldeat,  level  Bar  College 

OlnC,  Paoific  fleet 

CinO,  Atlantic  fleet 

ClaO,  Bevel'  Force#,  lastem  Atl.  end  Bed, 

Oomander  Anphibioue  Force,  Paoiflo  Fleet 
Coemander  Anphibioue  Force,  Atlantic  Fleet 
Ooeaabder  Bervioe  Force,  Paoiflo  Fleet 
Ooewander  3ervioe  Force,  Atlantia  Fleet 
Oaaaandint,  0.8,  Marine  Carpi 

Qoiaendent,  Marine  Corpe  Bohoola,  Quantioo  (Library) 
Commandant,  Karine  Corpe  Schools,  Quantioo  (Dev.  Center) 
C0»  Na»41  Bediwnl  Field  Reaaarah  Lab..  dam>  tejMtne 

taa 

Chief  of  Research  end  Development  (Atomic  Wv. ) 

Deputy  Chief  of  Staff  for  Military  Operations 
Chief  of  Bngineare  (BSQSB)  . 

Chief  of  engineers  (WOMB) 

Chief  of  Transportation  (TO  Teohnioal  Committee) 

Chief  of  Ordnance  (OlGJXa-Hl) 

Dalliatio  Research  Laboratories 


54  Chief  Chealoal  Offioer 

55  Aaairtant  Chief  Chaaioal  Officer  for  Planning  and  Dootrlna 

56  The  Qaartaraaatar  Oeneral 

57  CO,  Ch— loti  Oorpa  1m.  and  Car.  Co— nd 

58  Hq. ,  Cheadoal  Oorpa  Kata  rial  Co— nil 

59  President,  Chaaioal  Oorpa  Board 

60-62  CO,  BV  laboratories 

63  00,  Shaoleal  Oorpa  Training  0— nil  (Library) 

64  00,  Chemical  Oorpa  field  Raqnir— nta  Ageno y 

65*66  00,  Ohaaloal  far far*  Laboratoriea 

67  OQ,  Aberdeen  Proving  Qronmd 

68  Offioa  of  Ohlof  Wgntl  Offiaar  (8I0RD-8B) 

69  OQ,  Ooatiaaatal  Ar*f  Cn— nd,  fort  Karoa  (ATMT-1) 

70  OQ,  Qaartaraaatar  Baa.  and  lag,  Coaarad 

71  00,  Ar«y  Artillery  and  Mtaaila  Center,  fori  nil 

72  Director  Oparatioat  BaaaarOb  Offioa  (librarian) 

73  00,  Dngaay  Proving  Qronad 

74-76  00,  Sixth  U.f,  Any,  Presidio,  San  Pranelaao 

77  OQ,  figlneer  Baa,  and  fitor*  Lab.  (Library) 

79  OQ,  anjlntc*  Baa,  and  Bar.  Lab.,  (Speoial  Pwjaota  Branch) 

79  00,  frSn*p6*tation  Baa,  and  Bar.  Dtaamd.  fort  laatla 

80  Pro  aidant,  Board  lo.  6,  OoBABO,  fort  Booker 

81  Dlraetor,  Offioa  of  Special  faapona  Development,  fort  Bliaa 

82  00,  Ordnance  Saterlala  Karaamh  Offioa,  Watertown 

83  OQ,  Balaton*  Araanal 

84  CO,  Pioatinny  Art  anal  (OfcttB-Ttt) 

65  CO,  f.i,  krx?  fooliar  SSttoihe  Raaaareh  Detach.,  hwp* 

86  OQ,  fehx1»n2ipter  •bteWf.'.forfc  Lib 

87  Stfgeba  0— rul  (SUNK) 

68  CO,  Any  Signal  Baa.  and  Day.  Lab. 

89  60,  fat# mays  Erparimimt  Station 

90  CO,  Ordaanoa  Taak-Autoaoti  ra  Contend 

91  Qn— ndaht,  Protest  Sarihal.1  Generali  School,  fort  Cordon 

92  CO,  A my  Research  Offioa,  Arlington 

93  Hq.,  Any  Ulltary  Uatriet,  Washington  (far  Boos-AOlon) 

AIBfOBOI 

94  Aseirtant  Qhlaf  of  Staff,  Intelligence  (AF0H-3B) 

95  Co— ndar,  Air  iatarial  Co— nd  (SOSTC) 

96-99  Co— ndar,  Wright  Air  Development  Canter  (WCACT) 

100  Mnudir.  Air  Baa.  and  Sav.  Gwawnild  (BBTf) 

101  Directorate  of  Dutallationa  (AfOU-W) 

102  Dlnator.  QSAI  Project  BAWD  (WSAPD) 

101  CO,  StratAela  Air  Os— nd  (Ops  rati  css  Analysis  Offic?) 

104-105  Oo— ndar,  Speoial  faapona  Oenter,  lirtland  AW 

106  Director,  Air  University  Library,  luxe  11  All 

107-108  Co— ndar,  Teehnioal  Trainin;  wig,  3415th  TTQ 

109  OQ,  Qaxbridge  Basearoh  Cantor  (OBTZ) 
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oim  pop  AQTmms 

110  flhief,  Defienee  Atoalo  Support  Agency 

111  OoMaadcr,  W/ttUSA,  Bandi*  Base  (ICTO  Library) 

112-113  Ooaumdrf,  FC/DASA,  Saadis  Base  (fQD?) 

1U  Aeeletaiifc  Seoretary  of  Defence  (Has.  tad  teg.) 

115-124  Anted  Sorrioee  Technical  Ihforaatioa  Agency 
125  0,8.  Military  Bepreaantati**,  MATO 

am 

126-127  Office  of  Oiviliaa  and  Defense  Mobilisation,  Battle  Greek 
AM  Aflmim  AMD  OTTO 

128  AIO,  Military  Applications  DWi-lon 

129  ASJ,  Civil  Sffeote  Test  Group 

130  Loa  Aleaoe  SvrlentlfLo  Laboratory  (Library) 

131  Sandia  Corporation  (Doouaent  )Aooa) 

P8BBDL 

132-175  OWRDL,  Technical  Information  Division 


PATS  XSSUEDi  13  October,  1959 
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